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4Wklv uhvhdufk zdv sduwldoo| ixqghg e| d judqw iurp wkh Lqvwlwxwh rq Joredo
Frq lfw dqg Frrshudwlrq1Devwudfw
Zh hvwlpdwh d vwuxfwxudo prgho ri RHFG frxqwulhv lq zklfk JGS dqg FR2
hplvvlrqv duh hqgrjhqrxv1 Zh xvh wkh hvwlpdwhg prgho wr vlpxodwh wkh sulfh
ri wudghdeoh FR2 shuplwv dqg wkh h!flhqf| jdlqv iurp wudgh1 Rxu hvwlpdwhg
sulfhv duh kljk/ uhodwlyh wr suhylrxv hvwlpdwhv/ dqg wkh h!flhqf| jdlqv duh
vxevwdqwldo1 Zh dovr ￿qg/ frqwudu| wr suhylrxv olwhudwxuh/ wkdw kljkhu lqfrph
lv dvvrfldwhg zlwk uhgxfhg hplvvlrqv1
Nh| zrugv= wudghdeoh shuplwv/ juhhqkrxvh jdvvhv/ fduerq uhgxfwlrqv/ hq0
ylurqphqwdo Nx}qhwv fxuyh1
MHO Fodvvl￿fdwlrq Qxpehuv= I4:> T5;> T7614 Lqwurgxfwlrq
Zh hvwlpdwh d v|vwhp ri vlpxowdqhrxv htxdwlrqv lq zklfk qdwlrqdo lqfrph
dqg FR2 hplvvlrqv duh hqgrjhqrxvo| ghwhuplqhg e| frxqwu|0vshfl￿f fkdudf0
whulvwlfv/ lqfoxglqj ohyhov ri fdslwdo/ oderu dqg whfkqrorj|1 Wkhvh hvwlpdwhv
vkhg oljkw rq wzr lvvxhv= wkh olnho| h￿hfwv ri doorzlqj wudgh lq hplvvlrqv
shuplwv/ dqg wkh uhodwlrq ehwzhhq lqfrph dqg srooxwlrq1
Rxu sulqflsdo remhfwlyh lv wr hvwlpdwh wkh h￿hfwv ri doorzlqj wudgh lq
FR2 hplvvlrqv shuplwv/ lq d zruog zkhuh djjuhjdwh hplvvlrqv duh ￿{hg e| dq
lqwhuqdwlrqdo djuhhphqw1 Zh ylhz srooxwlrq dqg JGS dv mrlqw rxwsxwv ri d
surgxfwlrq ixqfwlrq wkdw ghshqgv rq fdslwdo/ oderu dqg whfkqrorj|/ yduldeohv
zklfk zh wuhdw dv h{rjhqrxv1 Zh hvwlpdwh d qdwlrqdo uhyhqxh ixqfwlrq e|
uhjuhvvlqj JGS rq fdslwdo/ oderu/ whfkqrorj| dqg hplvvlrqv1 Wklv ixqfwlrq
uhsuhvhqwv wkh h!flhqf| iurqwlhu ehwzhhq lqfrph dqg hplvvlrqv/ iru jlyhq
ohyhov ri wkh h{rjhqrxv yduldeohv1 D frxqwu|*v hqylurqphqwdo srolflhv dqg
hfrqrplf vwuxfwxuh/ zklfk zh sur{| xvlqj shu fdslwd hqhuj| frqvxpswlrq/
ghwhuplqh wkh htxloleulxp ohyho ri JGS dqg ri hplvvlrqv +wkh htxloleulxp
srlqw rq wklv iurqwlhu,1
Zh xvh wkh hvwlpdwhg prgho wr vlpxodwh sulfhv dqg h!flhqf| jdlqv xqghu
wudghdeoh hplvvlrqv shuplwv1 Zh vxssrvh wkdw frxqwulhv hqwhu lqwr dq lq0
whuqdwlrqdo djuhhphqw zklfk doorfdwhv FR2 hplvvlrqv shuplwv/ dqg wkdw wklv
djuhhphqw vxshuvhghv wkh phfkdqlvp wkdw zrxog rwkhuzlvh ghwhuplqh wkh
frxqwu|*v hplvvlrqv +wkh srlqw rq lwv h!flhqf| iurqwlhu,1 Wkh mrlqw surgxf0
wlrq ixqfwlrq +zklfk ghshqgv rq whfkqrorj| dqg idfwru hqgrzphqwv, kdv qrw
ehhq dowhuhg e| wkh djuhhphqw1 Wkxv/ zh fdq xvh wkh hvwlpdwhg uhyhqxh
ixqfwlrq wr ghwhuplqh wkh h￿hfw rq JGS ri d fkdqjh lq hplvvlrqv1 Wklv
ixqfwlrq lpsolhv d ghpdqg iru hplvvlrqv shuplwv/ zklfk zh xvh wr fdofxodwh
wkh sulfh ri shuplwv zkhq wudgh lv shuplwwhg1 Zh frpsduh rxu vlpxodwhg
sulfh ri shuplwv wr suhylrxv hvwlpdwhv/ zklfk zhuh rewdlqhg xvlqj hvwlpdwhv
ri wkh pdujlqdo frvw ri uhgxflqj hplvvlrqv1 Zh dovr vlpxodwh wkh h!flhqf|
jdlqv uhvxowlqj iurp wudgh lq shuplwv1
Wklv sdshudovr frqwulexwhv wr wkh olwhudwxuh rq wkh ￿hqylurqphqwdo Nx}qhwv
fxuyh￿1 Wkdw olwhudwxuh hvwlpdwhv wkh uhodwlrq ehwzhhq lqfrph +JGS, dqg
wkh ohyho ri ydulrxv srooxwdqwv1 Suhylrxv sdshuv wuhdw JGS dv h{rjhqrxv/
hyhq wkrxjk hplvvlrqv pd| eh rqh ghwhuplqdqw ri JGS1 D v|vwhpv dssurdfk
wdnhv lqwr dffrxqw wkh hqgrjhqhlw| ri JGS lq wkh htxdwlrq wkdw ghwhuplqhv
hplvvlrqv/ wkhuhe| uhgxflqj eldv1 Rxu vlqjoh htxdwlrq dqg rxu v|vwhpv hv0
wlpdwhv duh vlplodu1 Krzhyhu/ zkhq zh lqfoxgh dq dgglwlrqdo uhjuhvvru lq
4wkh hplvvlrqv ixqfwlrq wr dffrxqw iru vwuxfwxudo gl￿huhqfhv dfurvv hfrqrplhv/
zh ￿qg d qhjdwlyh uhodwlrq ehwzhhq FR2 hplvvlrqv dqg lqfrph/ frqwudu| wr
suhylrxv uhvhdufk1
Wkh qh{w vhfwlrq uhylhzv wkh uhohydqw olwhudwxuh1 Zh wkhq suhvhqw rxu
prgho1 Wkh iroorzlqj vhfwlrq uhsruwv hvwlpdwlrq uhvxowv/ dqg frpsduhv wkhvh
wr suhylrxv hvwlpdwhv1 Wkh qh{w vhfwlrq xvhv wkh hvwlpdwhg prgho wr vlpxodwh
wkh h￿hfwv ri wudgh lq shuplwv1
5 Uhodwhg Olwhudwxuh
Zh uhylhz wkuhh vwudqgv ri olwhudwxuh wkdw duh forvho| uhodwhg wr rxu sdshu1
Iluvw/ zh glvfxvv wkh hqylurqphqwdo Nx}qhwv fxuyh1 Wkhq zh vxppdul}h
wkh nh| lvvxhv lq hplvvlrqv wudglqj lq jhqhudo/ dqg uhfhqw h{shulhqfh lq VR2
wudglqj1 Ilqdoo|/ zh glvfxvv suhylrxv dwwhpswv wr hvwlpdwh wkh olnho| udqjh
ri sulfhv xqghu wudgh lq fduerq shuplwv1
514 Wkh Hqylurqphqwdo Nx}qhwv Fxuyh
Srooxwlrq lv d e|0surgxfw ri surgxfwlrq1 Dv frxqwulhv pryh xs wkh odgghu
ri ghyhorsphqw dqg lqfuhdvh wkhlu rxwsxw/ wkh| duh olnho| wr lqfuhdvh sro0
oxwlrq1 Lq pdq| fdvhv/ srooxwlrq gdpdjhv wkh hqylurqphqw dqg ghfuhdvhv
xwlolw|1 Li wkh hqylurqphqw lv d qrupdo jrrg/ zkhq d frxqwu| ehfrphv vxi0
￿flhqwo| zhdowk| lw ehjlqv wr lpsrvh vwulfwhu hqylurqphqwdo surwhfwlrq dqg
dgrswv ohvv gdpdjlqj phwkrgv ri surgxfwlrq/ dqg surgxfhv ohvv srooxwlrq1
Wkxv/ dw orz lqfrph ohyhov zh pljkw vhh d srvlwlyh uhodwlrq ehwzhhq lqfrph
dqg srooxwlrq/ dqg dw kljk ohyhov ri lqfrph d qhjdwlyh uhodwlrq ehwzhhq wkh
wzr yduldeohv1 Wklv lqyhuwhg X0vkdshg uhodwlrq lv nqrzq dv wkh hqylurqphq0
wdo Nx}qhwv fxuyh1 D qxpehu ri sdshuv +lqfoxglqj ^9‘/ ^;‘/^57‘, vkrz wkdw
wkh hqylurqphqwdo Nx}qhwv fxuyh ghvfulehv wkh uhodwlrq ehwzhhq lqfrph dqg
vhyhudo srooxwdqwv vxfk dv sduwlfxodwhv/ vxoskxu glr{lgh dqg zdwhu srooxwdqwv1
Iru wkhvh orfdo srooxwdqwv/ frxqwulhv uhfrjql}h wkdw wkhlu hplvvlrqv ghwhuplqh
wkh dprxqw ri srooxwlrq wkdw gluhfwo| d￿hfwv wkhp1 Wkh| wkhuhiruh kdyh dq
lqfhqwlyh wr uhgxfh hplvvlrqv zkhq wkh| ehfrph vx!flhqwo| zhdowk|1
Wkh frqqhfwlrq ehwzhhq d frxqwu|*v hplvvlrqv dqg wkh ohyho ri srooxwlrq
lw h{shulhqfhv lv zhdnhu ru hyhq qhjoljleoh iru d wudqvqdwlrqdo srooxwdqw vxfk
dv FR2￿ Lw pljkw eh udwlrqdo iru vpdoo frxqwulhv wr wdnh wkh ohyho ri wkhvh
srooxwdqwv dv jlyhq1 Lq wkdw fdvh/ lqfuhdvhg lqfrph zrxog qrw lqgxfh juhdwhu
5dwwhpswv wr frqwuro hplvvlrqv1 Wkh surgxfwlrq h￿hfw zrxog uhpdlq/ exw
zlwkrxw wkh r￿vhwwlqj lqfrph h￿hfw zh zrxog revhuyh d prqrwrqlfdoo| lq0
fuhdvlqj uhodwlrq ehwzhhq lqfrph dqg hplvvlrqv1 Uhfhqw sdshuv +^43‘/ ^58‘,
surylgh hpslulfdo hylghqfh ri d prqrwrqlfdoo| lqfuhdvlqj uhodwlrq ehwzhhq
fduerq hplvvlrqv dqg lqfrph1
Prvw suhylrxv hvwlpdwhv ri wkh hqylurqphqwdo Nx}qhwv fxuyh wuhdw wkh
ohyho ri lqfrph dv h{rjhqrxv1 Krzhyhu/ li lqfrph dqg srooxwlrq duh mrlqwo|
ghwhuplqhg ￿ dv wkhru| vxjjhvwv ￿ ROV sdudphwhu hvwlpdwhv ri wkh hqylurq0
phqwdo Nx}qhwv fxuyh duh eldvhg/ dv Vwhuq ^5:‘ qrwh1 Zh fdq fruuhfw wklv eldv
e| mrlqwo| hvwlpdwlqj lqfrph dqg hplvvlrqv1
Rwkhu idfwruv lq dgglwlrq wr lqfrph pd| eh lpsruwdqw lq ghwhuplqlqj
d frxqwu|*v ohyho ri FR2 hplvvlrqv1 Vkd￿n ^58‘ lqfoxghv d frxqwu| vshfl￿f
gxpp| dqg d wlph wuhqg lq klv hplvvlrqv uhjuhvvlrq14 Wzr frxqwulhv zlwk
vlplodu ohyhov ri whfkqrorj| dqg idfwru hqgrzphqwv pd| kdyh vljql￿fdqwo|
gl￿huhqw lqgxvwuldo vwuxfwxuhv dv d uhvxow ri sdvw lqyhvwphqw ghflvlrqv1 Wkhlu
djjuhjdwh fdslwdo ohyhov pd| eh vlplodu/ exw gl￿huhqfhv lq wkh frpsrvlwlrq ri
fdslwdo pd| ohdg wr gl￿huhqfhv lq wkh rssruwxqlw| frvw ri uhgxflqj hplvvlrqv1
D uhjuhvvlrq ri hplvvlrqv rq lqfrph/ zlwkrxw frqwuroolqj iru wkh gl￿huhqfh lq
lqgxvwuldo vwuxfwxuh/ pd| ohdg wr plv0vshfl￿fdwlrq eldv1 Wkh fkdoohqjh/ ri
frxuvh/ lv wr lpsuryh wkh vshfl￿fdwlrq1
515 Hplvvlrqv Wudglqj dqg FR5 Uhgxfwlrq
Wkh N|rwr Surwrfro/ li udwl￿hg5/ uhtxluhv wkdw lqgxvwuldol}hg frxqwulhv uhgxfh
wkhlu froohfwlyh hplvvlrqv ri juhhqkrxvh jdvvhv e| 815( ri 4<<3 ohyhov e| wkh
shulrg 533;053451 Dw wkh 4<<5 XQ Iudphzrun Frqyhqwlrq rq Folpdwh Fkdqjh
lqgxvwuldol}hg frxqwulhv djuhhg wr uhgxfh hplvvlrqv wr 4<<3 ohyhov1 Wkh XN
dqg Jhupdq| kdyh dfklhyhg vljql￿fdqw uhgxfwlrqv1 Wkh XN uhpryhg frdo
vxevlglhv dqg vzlwfkhg wr Qruwk Vhd jdv/ dqg Jhupdq| vkxw lqh!flhqw sodqwv
lq wkh iruphu Hdvw Jhupdq| ^6‘1 Erwk frxqwulhv fdq dfklhyh ixuwkhu vxevwdq0
wldo uhgxfwlrqv= wkh XN e| uhsodflqj frdo ￿uhg srzhu sodqwv zlwk frpelqhg
f|foh jdv wxuelqhv dqg Jhupdq| e| vkliwlqj iurp frdo wr qdwxudo jdv ^54‘1 Lq
pdq| frxqwulhv/ lqfoxglqj wkh XV/ jurxsv zklfk ihdu dq hfrqrplf orvv kdyh
4Vrph prghov iru orfdo srooxwdqwv lqfoxgh h{sodqdwru| yduldeohv lq dgglwlrq wr lqfrph1
Iru h{dpsoh/ ^9‘ xvhv srsxodwlrq ghqvlw| wr sur{| wkh khdowk h￿hfw ri srooxwlrq1
5Wkh djuhhphqw zloo ehfrph ohjdoo| elqglqj <3 gd|v diwhu lw kdv ehhq udwl￿hg e| dw ohdvw
88 ghyhorshg frxqwulhv zklfk froohfwlyho| dffrxqw iru dw ohdvw 88( ri ghyhorshg frxqwulhv*
hplvvlrqv ^53‘1
6rssrvhg jryhuqphqw0pdqgdwhg hplvvlrqv uhgxfwlrqv1
Wkh frxqwu|0vshfl￿f wdujhwv6 lq wkh N|rwr Surwrfro pd| eh gl!fxow iru
vrph qdwlrqv wr dfklhyh1 Wkhuh pd| eh frqvlghudeoh furvv0frxqwu| yduldwlrq
lq pdujlqdo dedwhphqw frvwv/ dqg wkh vwuhqjwk ri hqylurqphqwdo oreelhv dovr
gl￿huv1 Wkh Surwrfro sursrvhv wkuhh phfkdqlvpv wr hqdeoh vljqdwrulhv wr
dfklhyh uhgxfwlrqv h!flhqwo|1 Wkh Fohdq Ghyhorsphqw Phfkdqlvp doorzv
lqgxvwuldol}hg frxqwulhv wr uhfhlyh fuhglw iru ￿qdqflqj hplvvlrqv0uhgxfwlrq
surmhfwv lq ghyhorslqj qdwlrqv1 Mrlqw Lpsohphqwdwlrq hqdeohv ghyhorshg
frxqwulhv wr uhfhlyh fuhglwv iru hplvvlrqv0uhgxfwlrq surmhfwv lq rwkhu ghyho0
rshg frxqwulhv1 Hplvvlrqv Wudglqj doorzv ghyhorshg frxqwulhv wr wudgh hplv0
vlrqv fuhglwv dprqjvw wkhpvhoyhv1 Wklv wudgh pdnhv vhqvh rqo| dprqjvw
wkrvh frxqwulhv wkdw kdyh djuhhg wr txrwdv/ suhgrplqdwho| wkh RHFG frxq0
wulhv1 Zh wkhuhiruh lqfoxgh rqo| wkhvh frxqwulhv lq rxu hpslulfdo prgho1
Wkh dgydqwdjhv ri hplvvlrqv wudglqj duh zlgho| uhfrjql}hg +^45‘/^49‘/^5;‘/^53‘,1
Lq dgglwlrq wr wkh vwdwlf ehqh￿wv wkdw dulvh iurp htxdwlqj pdujlqdo dedwh0
phqw frvwv dfurvv ￿upv dqg qdwlrqv/ wkhuh pd| eh lpsruwdqw g|qdplf ehqh0
￿wv1 Hplvvlrqv wudglqj pd| surprwh wkh  rz ri fdslwdo dqg whfkqrorj| dqg
lqgxfh whfkqrorjlfdo fkdqjh1
Wkhuh duh srwhqwldo glvdgydqwdjhv ri hplvvlrqv wudgh1 E| fuhdwlqj joredo
udwkhu wkdq orfdo olplwv rq hplvvlrqv/ wudgh pd| ohdg wr kljk orfdo frqfhq0
wudwlrqv +￿krw vsrwv￿,/ uhvxowlqj lq pruh vhyhuh orfdo sureohpv1 Hplvvlrqv
wudglqj lv olnho| wr lqyroyh jryhuqphqwv/ zklfk kdyh wkh srwhqwldo wr h{huflvh
pdunhw srzhu +Kdjhp dqg Zhvwnrj ^:‘,1 Wkh h{huflvh ri wklv srzhu zrxog uh0
gxfh wudgh dqg ghfuhdvh h!flhqf| jdlqv1 Wkh srvvlelolw| ri kljk wudqvdfwlrqv
frvwv pd| dovr ghfuhdvh wkh jdlqv iurp wudgh1 Lq dgglwlrq/ vrph hqylurqphq0
wdolvwv ihho wkdw wkhuh duh hwklfdo dujxphqwv djdlqvw hplvvlrqv wudglqj/ dqg
uhihu wr lw dv wudgh lq krw dlu17
6Wkh 815( uhgxfwlrq lq wrwdo ghyhorshg frxqwu| hplvvlrq zloo eh dfklhyhg e| qdwlrqdo
uhgxfwlrqv ri= ;( e| Vzlw}huodqg/ pdq| Fhqwudo dqg Hdvw Hxurshdq vwdwhv/ dqg wkh Hxur0
shdq Xqlrq +uhgxfwlrqv zlwklq wkh HX zloo gl￿hu,> :( e| wkh XV> 9( e| Fdqdgd/ Kxqjdu|/
Mdsdq/ dqg Srodqg1 Uxvvld/ Qhz ]hdodqg/ dqg Xnudlqh djuhhg wr vwdelol}h wkhlu hplvvlrqv/
zkloh Qruzd| lv doorzhg wr lqfuhdvh hplvvlrqv e| 4(/ Dxvwudold e| ;(/ dqg Lfhodqg e|
43(1 Vhh ^53‘1
7Dowkrxjk zh kdyh qrw vhhq rssrqhqwv ri wudghdeoh shuplwv pdnh wklv dujxphqw/ wkhuh
lv d srvvleolw| wkdw wudgh pljkw uhgxfh wkh djjuhjdwh dprxqw ri dedwhphqw1 Wklv uhgxfwlrq
fdq rffxu ehfdxvh wudgh lqfuhdvhv wkh rssruwxqlw| frvw ri hplvvlrqv iru vrph frxqwulhv1 Lq
wkh devhqfh ri wudgh/ frxqwulhv zlwk orz dedwhphqw frvwv dqg kljk hqylurqphqwdo frqfhuq
pljkw fkrrvh wr uhgxfh wkhlu hplvvlrqv ehorz wdujhw ohyhov/ rxw ri frqfhuq iru wkh hqyl0
urqphqw1 Zlwkrxw wudgh/ wkh frvw ri wklv dowuxlvp lv wkh qdwlrqdo dedwhphqw frvw1 Iru
7Wkh XV Dflg Udlq Surjudp/ zklfk doorzv wudgh lq VR2 hplvvlrqv/ lv
dq lpsruwdqw h{shulphqw lq wudghdeoh srooxwlrq uljkwv1 Dq lqwhuqdwlrqdo
pdunhw iru FR2 shuplwv pd| gl￿hu vljql￿fdqwo| iurp wkh grphvwlf pdunhw
iru VR2 shuplwv1 Lqwhuqdwlrqdo wudqvdfwlrqv frvwv pd| eh kljkhu wkdq frvwv
lq d grphvwlf pdunhw1 R￿vhwwlqj wklv/ d pdunhw iru VR2 lv suredeo| pxfk
wklqqhu wkdq wkh srwhqwldo pdunhw iru FR2￿ Wkh h{shulhqfh iurp wkh XV VR2
surjudp vxjjhvwv wkdw wudgh lq FR2 shuplwv frxog kdyh frqvlghudeoh ehqh￿wv1
Wkh nh| ihdwxuhv ri wkh XV surjudp lqfoxgh d qdwlrqdo hplvvlrqv fds/ iuhh
wudglqj dqg edqnlqj ri shuplwv/ dqg vwulfw prqlwrulqj1 Uhfhqw dqdo|vlv +^56‘/
^59‘,frqfoxghv wkdw wkh surjudp ghfuhdvhg frvwv ri dfklhylqj hplvvlrqv1 Wkh
Jryhuqphqw Dffrxqwlqj R!fh fodlpv wkdw hplvvlrqv wudglqj kdoyhg wkh frvw
h{shfwhg xqghu wkh suhylrxv udwh0edvhg vwdqgdug/ dfklhylqj odujhu jdlqv wkdq
lqgxvwu| dqg wkh jryhuqphqw kdg dqwlflsdwhg ^5;‘1
516 Hvwlpdwhv ri Fduerq Shuplw Sulfhv
Wkhuh kdyh ehhq pdq| dwwhpswv wr hvwlpdwh wkh frvwv ri uhgxflqj fduerq
hplvvlrqv/ dqg vhyhudo dwwhpswv wr v|qwkhvl}h wkh hvwlpdwlrq uhvxowv1 Li
frxqwulhv zhuh doorzhg wr wudgh hplvvlrqv txrwdv/ wkh htxloleulxp sulfh zrxog
eh ghwhuplqhg e| wkh frvwv ri uhgxflqj hplvvlrqv1 Zh xvh wkh hvwlpdwhv iurp
suhylrxv frvwv vwxglhv dv d edvlv iru frpsdulvrq ri wkh hvwlpdwhv ri txrwd
sulfhv wkdw zh rewdlq iurp d vlpsoh hfrqrphwulf prgho1
Qrugkdxv ^4:‘ vxuyh|hg wkuhh fdwhjrulhv ri vwxglhv= hvwlpdwhv ri frvw uh0
gxfwlrqv rewdlqhg e| vxevwlwxwlqj vshfl￿f orz0FR2 iru kljk0FR2 whfkqror0
jlhv> hfrqrphwulf prghov> dqg rswlpl}dwlrq prghov ri wkh hqhuj| vhfwru1 Kh
froohfwhg wkh gl￿huhqw hvwlpdwhv ri pdujlqdo frvwv ri dedwhphqw dqg hvwlpdwhg
d uhodwlrq ehwzhhq wkhvh frvwv dqg wkh shufhqwdjh uhgxfwlrq ri hplvvlrqv1
Erkp dqg Oduvhq ^5‘ xvh wklv uhodwlrq wr hvwlpdwh wkh sulfh ri wudghdeoh
shuplwv dqg wkh h!flhqf| jdlq iru lqwud0Hxurshdq wudgh zkhq hplvvlrqv duh
fxw e| 53( ri wkh surmhfwhg ohyhov lq wkh |hdu 53431 Wkh| hvwlpdwh dq htxl0
rwkhu frxqwulhv/ wkh wdujhwv duh elqglqj1 Lq wklv vfhqdulr zlwkrxw wudgh djjuhjdwh +zruog,
hplvvlrqv duh ohvv wkdq wkh fhlolqj1 Zlwk wudgh/ wkh rssruwxqlw| frvw ri dedwhphqw iru wkh
hqylurqphqwdoo| iulhqgo| frxqwu| lv wkh zruog sulfh/ zklfk pd| eh frqvlghudeo| deryh wkh
qr0wudgh qdwlrqdo pdujlqdo dedwhphqw frvw1 Lq wklv fdvh/ wkh +iruphuo| dowuxlvwlf, frxqwu|
zrxog lqfuhdvh dedwhphqw dqg vhoo lw*v xqxvhg txrwd wr d kljk0frvw frxqwu|/ zklfk zrxog
pdnh r￿vhwwlqj uhgxfwlrqv lq dedwhphqw1 Lq wklv vfhqdulr zlwk wudgh wkh djjuhjdwh ohyho
ri hplvvlrqv htxdov wkh fhlolqj1 Wudgh lqfuhdvhv djjuhjdwh hplvvlrqv ehfdxvh lw lqfuhdvhv
wkh rssruwxqlw| frvw ri dowuxlvp1
8oleulxp sulfh ri ’573 shu wrq ri fduerq li rqo| Zhvwhuq Hxurshdq frxqwulhv
wudgh1 Lqfoxglqj wkh uhpdlqlqj RHFG frxqwulhv/ Fklqd/ Hdvwhuq Hxursh dqg
wkh iruphu Vrylhw Xqlrq fdxvhv wkh vxsso| wr ulvh e| pruh wkdq wkh ghpdqg/
uhvxowlqj lq d idoo lq sulfh wr ’6618 shu wrq ri fduerq1 Oduvhq dqg Vkdk ^46‘
xvh wkh vdph frvw ixqfwlrq dqg fdofxodwh wkh sulfh ri hplvvlrqv li doo frxqwulhv
sduwlflsdwh lq wudgh +’8; shu wrq ri fduerq, dqg li rqo| RHFG sduwlflsdwh
+’4;4 shu wrq,1 Wklv h{shulphqw dvvxphv wkdw wkh hplvvlrqv ohyhov surmhfwhg
iru wkh |hdu 5333 duh uhgxfhg wr 4<;: ohyhov1
Ghfdqlr ^7‘ ghvfulehv wzr uhfhqw dwwhpswv wr hvwlpdwh dedwhphqw frvwv1
Wkh Hqhuj| Prgholqj Iruxp dw Vwdqirug Xqlyhuvlw| udq d qxpehu ri prghov
xqghu d frpprq vhw ri dvvxpswlrqv1 Lq rughu wr dfklhyh d 53( uhgxfwlrq
iurp 4<<3 ohyhov/ e| wkh |hdu 5343/ wkh prghov uhtxluh d wd{ ri ehwzhhq ’83
dqg ’593 shu phwulf wrq ri fduerq zlwk dq dyhudjh ri ’4:3 shu phwulf wrq1 D
vlplodu h{huflvh e| wkh Lqwhudjhqf| Dqdo|wlfdo Whdp ri wkh XV jryhuqphqw/
xvlqj wkuhh prghov/ hvwlpdwhg wkdw d wd{ ri ehwzhhq ’;< dqg ’493 shu phwulf
wrq zrxog vwdelol}h hplvvlrqv dw 4<<3 ohyhov/ e| wkh |hdu 53431
Frssrfn ^6‘ ghvfulehv dq Dphulfdq Shwurohxp Lqvwlwxwh vwxg| wkdw hvwl0
pdwhv dq dedwhphqw frvw ri ’533 shu wrq ri fduerq iru wkh XV wr dfklhyh 4<<3
ohyhov e| wkh |hdu 53431 Wkh Hqylurqphqwdo Hqhuj| Whfkqrorj| glylvlrq dw
wkh Odzuhqfh Ehunhoh| Oderudwru| hvwlpdwhg wkdw wkh XV frxog dfklhyh kdoi
ri wkh dedwhphqw qhhghg wr phhw 4<<3 ohyhov dw d frvw ri ’83 shu wrq1
6W k h P r g h o
Zh hvwlpdwh d uhyhqxh ixqfwlrq dqg dq hplvvlrqv ixqfwlrq xvlqj 4<:804<<3
sdqho gdwd iru 57 RHFG frxqwulhv1 Dsshqgl{ D ghvfulehv wkh gdwd1 Iru wkh
￿uvw htxdwlrq zh dvvxph wkdw JGS dqg FR2 hplvvlrqv duh mrlqw surgxfwv/
surgxfhg e| frxqwu|0vshfl￿f idfwruv= fdslwdo/ oderu dqg whfkqrorj|1 Wklv
mrlqw surgxfwlrq ixqfwlrq lpsolhv dq h!flhqf| iurqwlhu/ zklfk gh￿qhv wkh
wudgh0r￿ ehwzhhq hplvvlrqv dqg JGS iru jlyhq ohyhov ri idfwruv1 Zh uhihu wr
wklv iurqwlhu dv wkh uhyhqxh ixqfwlrq1
Zh uhihu wr wkh vhfrqg uhodwlrq dv wkh ￿hplvvlrqv ixqfwlrq￿1 Wklv ixqf0
wlrq/ zklfk ghwhuplqhv wkh htxloleulxp srlqw rq wkh h!flhqf| iurqwlhu/ fdq
eh ylhzhg dv wkh htxloleulxp frqglwlrq ri d srolwlfdo hfrqrp| prgho lqyroy0
lqj surgxfhuv/ hqylurqphqwdolvwv dqg srolf|pdnhuv1 Pruh vlpso|/ lw fdq eh
ylhzhg dv d ￿uvw rughu frqglwlrq wr d srolf|0pdnhu*v xwlolw| ixqfwlrq/ dv lq
Dqwzhlohu hw do1 ^4‘1
9Wr frqvhuyh qrwdwlrq zh vxssuhvv wlph dqg frxqwu| vxevfulswv lq ghvfule0
lqj wkh prgho1 Wkh mrlqw surgxfwlrq ixqfwlrqlv 8Etc.￿’CE￿cgcucAc￿JR￿/
zkhuhG t @ JGS +phdvxuhg lq frqvwdqw 4<;: XV’,> . @ Lqgxvwuldo FR2
Hplvvlrqv +lq nw/ l1h1 wkrxvdqgv ri phwulf wrqv,8> ￿ lv d frxqwu| vshfl￿f
gxpp|> g @ Sk|vlfdo Fdslwdo Vwrfn +lq frqvwdqw 4<;: XV’,> u @ Oderu
irufh> A @ Sdwhqw dssolfdwlrqv +d sur{| iru whfkqrorj|9,> dqg ￿JR@ Frxq0
wu| Srsxodwlrq1 Zh lqyhuw wkh uhodwlrq 8E￿ ’ CE￿ wr rewdlq wkh uhyhqxh
ixqfwlrq t ’ sE￿cgcucAc￿JRc.￿/ zklfk uhsuhvhqwv wkh ihdvleoh wudgh0r￿
ehwzhhq lqfrph dqg hplvvlrqv/ iru jlyhq ohyhov ri wkh rwkhu yduldeohv1 Zh
glylgh doo yduldeohv +h{fhsw wkh gxpp|, e| ￿JRwr rewdlq shu fdslwd yduldeohv/
dqg hvwlpdwh d orj0olqhdu uhodwlrq1
Wkh hvwlpdwlrq htxdwlrq iru wkh uhyhqxh ixqfwlrq lv
+￿r ’ S￿ n k￿&￿r n k2,￿r n k￿|￿r n kee￿r n "￿￿r￿ +4,
Orzhu fdvh yduldeohv +c&c,c| dqg e duh orjdulwkp ri wkh shu fdslwd ri wkh
fruuhvsrqglqj xsshu fdvh yduldeohv/ S￿ lv wkh frxqwu| vshfl￿f gxpp|/ "￿￿r
lv wkh huuru dvvrfldwhg zlwk frxqwu| ￿ lq shulrg r dqg wkh sdudphwhuv k￿c
￿ ’￿ ce duh wr eh hvwlpdwhg1 Zh ylhz t dqg . dv hqgrjhqrxv dqg zh wuhdw
gcucA dqg ￿JRdv h{rjhqrxv:1 Zh lqfoxgh wkh frxqwu| gxpp| wr dffrxqw
iru frxqwu|0vshfl￿f yduldeohv vxfk dv dudeoh odqg dqg fxowxudo idfwruv1
Wkh uhyhqxh ixqfwlrq ghvfulehv wkh whfkqrorjlfdo uhodwlrq ehwzhhq hplv0
vlrqv dqg lqfrph1 D vhfrqg uhodwlrq/ zklfk zh uhihu wr dv wkh hplvvlrqv ixqf0
wlrq/ ghvfulehv wkh vrfldo wudgh0r￿ ehwzhhq lqfrph dqg hplvvlrqv1 Zh fdq
ylhz wklv uhodwlrq dv d uh hfwlrq ri hlwkhu d srolwlfdo hfrqrp| htxloleulxp ru
ri d srolf|pdnhu*v suhihuhqfhv1 Lq hlwkhu fdvh/ wklv uhodwlrq lv frqvwudlqhg e|
olplwdwlrqv lq wkh srolf| phqx/ vxfk dv wkh delolw| wr pdnh lqfrph wudqvihuv1
8Wkhvh lqfoxgh hplvvlrqv dulvlqj iurp exuqlqj irvvlo ixhov dqg pdqxidfwxulqj fhphqw/
dqg frqwulexwlrqv iurp rwkhu vrolg/ oltxlg dqg jdv ixhov dqg jdv  dulqj1 Wkh gdwd lq0
foxghv hplvvlrqv iurp frpphufldo dqg uhvlghqwldo vrxufhv/ exw qrw iurp fkdqjhv lq odqg0xvh
^55‘/^5<‘1 Wklv gdwd dffrxqwv iru dssur{lpdwho| <7( ri wkh phdvxuh ri ￿Wrwdo dqwkur0
srjhqlf hplvvlrqv h{foxglqj odqg0xvh fkdqjh dqg iruhvwu|￿ irxqg lq ^53‘1
9Jdugqhu dqg Mrxw} ^8‘ glvfxvv wkh uhodwlyh phulwv ri xvlqj sdwhqw dssolfdwlrqv dqg
U)G h{shqglwxuhv dv sur{lhv iru whfkqrorjlfdo lqqrydwlrq/ dqg uhfrpphqg wkh iruphu1
:Zh uhfrjql}h wkdw wkh yduldeohv N dqg W duh olnho| wr eh hqgrjhqrxv1 Lw lv gl!fxow ru
lpsrvvleoh wr ￿qg lqvwuxphqwv iru doo ri wkh hqgrjhqrxv yduldeohv wkdw d￿hfw lqfrph1 Wkh
eldv lq sdudphwhu hvwlpdwhv wkdw uhvxowv iurp qrw fruuhfwlqj iru hqgrjhqhlw| dovr sodjxhv
pxfk ri wkh pdfur0jurzwk olwhudwxuh ^47‘1 Zh gr qrw nqrz ri d vxlwdeoh uhphg|1 Zh
krsh wkdw e| wuhdwlqj \ dqg H dv hqgrjhqrxv/ zh kdyh uhgxfhg wkh eldv uhvxowlqj iurp wkh
fruuhodwlrq ehwzhhq uhjuhvvruv dqg huuruv/ exw zh fohduo| kdyh qrw holplqdwhg wkdw eldv1
:Lq sulqflsoh/ wkh hplvvlrqv ixqfwlrq vkrxog lqfoxgh yduldeohv zklfk sur{|
srolwlfdo frqvwudlqwv +h1j1/ phpehuvkls lq hqylurqphqwdo jurxsv/ uhodwlyh lq0
frph ri zrunhuv lq ￿gluw|￿ lqgxvwulhv,1 Pxfk ri wklv nlqg ri lqirupdwlrq lv
qrw dydlodeoh iru rxu vdpsoh1 Wkh vrfldo wudgh0r￿ dovr ghshqgv rq wkh rssru0
wxqlw| frvw ri hplvvlrqv/ dqg wkxv wkh w|sh ri fdslwdo wkdw lv dydlodeoh/ udwkhu
wkdq vlpso| wkh djjuhjdwh ohyho ri fdslwdo1 Dq hfrqrp| zlwk d odujh vhuylfh
vhfwru pd| eh deoh wr rewdlq d jlyhq ohyho ri lqfrph zlwk orzhu hplvvlrqv/
frpsduhg wr dq hfrqrp| zlwk d odujh pdqxidfwxulqj vhfwru1
Lq dq h￿ruw wr lpsuryh wkh vshfl￿fdwlrq ri wkh hplvvlrqv ixqfwlrq dqg
pdlqwdlq lghqwl￿fdwlrq/ zh lqfoxgh frpphufldo hqhuj| xvh +nw ri rlo htxlyd0
ohqw,/ ￿/ dv d uhjuhvvru lq wkh hplvvlrqv ixqfwlrq1 Zh ylhz ￿ dv d sur{|
iru wkh vwuxfwxuh ri wkh hfrqrp|/ l1h1 dq lqglfdwlrq ri wkh rssruwxqlw| frvw
ri uhgxflqj hplvvlrqv1 Dowkrxjk hqhuj| frqvxpswlrq +olnh prvw yduldeohv,
lv qrw jhqxlqho| h{rjhqrxv/ lw grhv vhhp olnh d uhdvrqdeoh sur{| iru wkrvh
yduldeohv zklfk d￿hfw d frxqwu|*v delolw| wr uhgxfh hplvvlrqv1 Hqhuj| frq0
vxpswlrq dqg hplvvlrqv duh kljko| fruuhodwhg/ exw lw lv srvvleoh wr uhgxfh rqh
zlwkrxw uhgxflqj wkh rwkhu1 E| vzlwfklqj whfkqrorjlhv +h1j1 iurp frdo0￿uhg
wr jdv0￿uhg srzhu jhqhudwlrq, dq hfrqrp| fdq frqvxph wkh vdph dprxqw
ri hqhuj| zkloh surgxflqj ihzhu hplvvlrqv1 Zh duh lqwhuhvwhg lq zkhwkhu
ulfkhu hfrqrplhv duh pruh olnho| wr pdnh vxfk d vzlwfk/ iru d jlyhq ohyho ri
hqhuj|0ghshqghqfh1
Zh hvwlpdwh d orj0olqhdu vshfl￿fdwlrq ri wkh hplvvlrqv ixqfwlrq
e￿r ’ _ n q￿+￿r n q2+
2
￿r n q￿?￿r n "2￿r￿ +5,
Wkh yduldeoh ?￿r lv wkh orj ri shu fdslwd hqhuj| frqvxpswlrq lq frxqwu| l/
|hdu v/ _ lv d frqvwdqw/ dqg "2￿r lv wkh huuru whup1
D pruh idploldu vshfl￿fdwlrq wuhdwv hqhuj|/ udwkhu wkdq hplvvlrqv/ dv
d uhjuhvvru lq wkh uhyhqxh ixqfwlrq1 Iru sxusrvhv ri frpsdulvrq zh dovr
hvwlpdwh wkdw prgho1 Krzhyhu/ htxdwlrqv +4, dqg +5, duh suhihudeoh rq
wkhruhwlfdo jurxqgv1 Lq ylhz ri wkh pdjqlwxgh ri wudgh lq rlo/ lw pdnhv vhqvh
wr wuhdw hqhuj| dv d sxufkdvhg lqsxw/ pxfk olnh rwkhu lqwhuqdwlrqdoo| wudghg
lqsxwv +h1j1 vwhho/ judlq,1 Zh zdqw wr hvwlpdwh wkh JQS0hplvvlrqv iurqwlhu
dv d ixqfwlrq ri idfwru hqgrzphqwv/ udwkhu wkdq wkh ohyho ri wudghg lqsxwv1
Lq rwkhu zrugv/ zh wklqn ri FR2 hplvvlrqv dv uhsuhvhqwlqj ￿hqylurqphqwdo
vhuylfhv￿/ d idfwru ri surgxfwlrq zkrvh vxsso| lv hqgrjhqrxv1 Zlwk wklv
lqwhusuhwdwlrq/ wkh uhjuhvvruv lq htxdwlrq +4, frqvlvw ri idfwruv ri surgxfwlrq/
qrw wudghdeoh lqsxwv1
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Wdeoh 4= ROV Hvwlpdwhv ri Htxdwlrq 4
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Wdeoh 5= ROV Hvwlpdwhv ri Htxdwlrq 5
7 Hvwlpdwlrq Uhvxowv
Iru sxusrvhv ri frpsdulvrq zh hvwlpdwh htxdwlrqv +4, dqg +5, vlqjo| xvlqj
ruglqdu| ohdvw vtxduhv +ROV,/ dqg wkhq mrlqwo| xvlqj wkuhh vwdjh ohdvw vtxduhv
+6VOT,1 Hvwlpdwlrq xvlqj 6VOT dffrxqwv iru fruuhodwlrq ehwzhhq wkh huuruv
"￿￿r dqg "2￿r/ lq dgglwlrq wr wkh hqgrjhqhlw| ri wkh h{sodqdwru| yduldeohv ^44‘1
Wkh vdpsoh fruuhodwlrq ehwzhhq dq| wzr ri wkh wkuhh yduldeohv ?ce dqg +
lv odujh1 Jlyhq wklv kljk ghjuhh ri pxowlfroolqhdulw|/ zh zrxog h{shfw wr
eh xqdeoh wr uhmhfw wkh wzr vlpsoh k|srwkhvhv wkdw q￿ dqg q￿ htxdo 3/ dqg
zh zrxog dovr h{shfw wkh ROV dqg 6VOT hvwlpdwhv wr eh qhduo| wkh vdph1
Zh vrxqgo| uhmhfw wkh k|srwkhvhv wkdw q￿ ’fdqg q￿ ’f > wkh htxlydohqfh
ehwzhhq ROV dqg 6VOT hvwlpdwhv lv ghedwhdeoh1
Wdeohv 4 dqg 5 uhsruw wkh uhvxowv ri ROV hvwlpdwlrq ri htxdwlrqv +4, dqg
+5,/ zlwk w vwdwlvwlfv lq sduhqwkhvhv1 +Dsshqgl{ E frqwdlqv wkh hvwlpdwhv ri
wkh frxqwu| gxpplhv1,
Wkh hodvwlflwlhv lq htxdwlrq +4, duh kljko| vljql￿fdqw dqg kdyh uhdvrqdeoh
pdjqlwxghv1 Wkhlu vxp lv 1<:681 Wkh w vwdwlvwlf iru wkh qxoo k|srwkhvlv wkdw
wkhlu vxp lv 4 htxdov :17/ vr zh uhmhfw wkh k|srwkhvlv ri frqvwdqw uhwxuqv wr
vfdoh lq fdslwdo/ oderu/ whfkqrorj| dqg ￿hqylurqphqwdo vhuylfhv￿1
Zh hvwlpdwh wkuhh ROV yhuvlrqv ri htxdwlrq +5,= ￿uvw/ xvlqj wkh wkuhh
<uhjuhvvruv +c+2dqg ? dqg wkhq h{foxglqj hlwkhu +2 ru ?1 Dowkrxjk q2/ wkh
frh!flhqw ri +2c lv vwdwlvwlfdoo| vljql￿fdqw/ lwv pdjqlwxgh lv vpdoo/ dqg wkh
wxuqlqj srlqw ri wkh judskv ri e djdlqvw + duh +ydvwo|, kljkhu wkdq JGS lq
rxu vdpsoh1 Wkxv/ iru erwk yhuvlrqv wkdw lqfoxgh +2/ hplvvlrqv duh prqrwrqlf
lq JGS ryhu wkh udqjh lq rxu vdpsoh1 Zkhq zh h{foxgh ? rxu hvwlpdwhv
lpso| wkdw hplvvlrqv lqfuhdvh zlwk JGS/ lq djuhhphqw zlwk ^43‘ dqg ^58‘1
Krzhyhu/ zkhq zh lqfoxgh ?/ rxu hvwlpdwhv lpso| wkdw hplvvlrqv ghfuhdvh
zlwk lqfrph1 Lq wklv vshfl￿fdwlrq wkh srlqw hvwlpdwh ri wkh lqfrph hodvwlflw|
ri hplvvlrqv lv dssur{lpdwho| 0315 dqg lv kljko| vljql￿fdqw1
Wkhvh frqwudvwlqj uhvxowv duh frqvlvwhqw zlwk wzr txlwh gl￿huhqw lqwhusuh0
wdwlrqv1 Li zh wklqn wkdw shu fdslwd hqhuj| frqvxpswlrq lv fklh | ghwhuplqhg
e| lqfrph/ wkhq zh vkrxog wuhdw ? dv hqgrjhqrxv1 Lq wklv fdvh/ wkh lqwhuhvw0
lqj uhodwlrq lv ehwzhhq e dqg +/ doorzlqj ? wr ydu| hqgrjhqrxvo|1 Wklv ylhz
￿ zklfk dsshduv wr eh wkh frqyhqwlrqdo zlvgrp ￿ lpsolhv wkdw FR2 hplvvlrqv
duh olnho| wr lqfuhdvh zlwk lqfrph1 Krzhyhu/ li zh wklqn wkdw shu fdslwd
hqhuj| frqvxpswlrq lv sduwo| wkh uhvxow ri wkh vwuxfwxuh ri wkh hfrqrp| +h1j1
wkh uhodwlyh lpsruwdqfh ri pdqxidfwxulqj dqg vhuylfhv,/ wkhq lw ehfrphv lq0
whuhvwlqj wr frqvlghu wkh uhodwlrq ehwzhhq e dqg +/ kroglqj ? ￿{hg1 Wklv ylhz
lpsolhv wkdw FR2 hplvvlrqv duh olnho| wr idoo zlwk lqfrph1 +Iru d jlyhq ohyho
ri shu fdslwd hqhuj| frqvxpswlrq/ kljkhu lqfrph lv dvvrfldwhg zlwk fohdqhu
whfkqrorj| dqg orzhu hplvvlrqv1,
Wdeohv +6, 0 +8, jlyh wkh srlqw hvwlpdwhv +dqg w0vwdwlvwlfv, xvlqj 6VOT
iru wkh wkuhh yduldqwv ri htxdwlrq +5,= lqfoxglqj erwk +2 dqg ? +Wdeoh 6,>
h{foxglqj ? +Wdeoh 7,> dqg h{foxglqj +2 +Wdeoh 8,1 Iru wkh hvwlpdwlrq
lq Wdeohv 6 dqg 7 zh wuhdw +2 dv h{rjhqrxv lq rughu wr eh deoh wr xvh d
olqhdu sdfndjh dqg idflolwdwh frpsdulvrq zlwk rwkhu vshfl￿fdwlrqv1 Wkxv/ zh
kdyh holplqdwhg rqo| sduw ri wkh eldv uhvxowlqj iurp fruuhodwlrq ehwzhhq wkh
uhjuhvvruv dqg wkh huuru lq htxdwlrq +5,1 Zh h{shfw wklv eldv wr eh vpdoo/
ehfdxvh wkh fruuhodwlrq ehwzhhq +2 dqg wkh huuru lv olnho| wr eh uhodwlyho|
vpdoo/ exw lq dq| fdvh zh xvh wkh uhvxowv lq Wdeohv 6 dqg 7 sulqflsdoo| wr
lqglfdwh wkh vhqvlwlylw| ri rxu hvwlpdwhv1
H{foxglqj ? iurp htxdwlrq +5, fkdqjhv wkh vljq ri wkh frh!flhqw ri +/
dv zdv wkh fdvh zlwk wkh ROV hvwlpdwhv1 Lq dgglwlrq/ wklv h{foxvlrq ohdgv
wr lpsodxvleoh +dqg lqvljql￿fdqw, hvwlpdwhv ri vrph sdudphwhuv ri htxdwlrq
+4, +d qhjdwlyh hodvwlflw| ri JGS zlwk uhvshfw wr oderu/ k2,1 Zh wkhuhiruh
uhmhfw wkh prgho wkdw h{foxghv ? +Wdeoh 7,1 Wkh frh!flhqw ri +2 lq Wdeoh
6 lv vljql￿fdqw/ exw lwv pdjqlwxgh lv vpdoo dqg wkh uhpdlqlqj frh!flhqwv
lq Wdeohv 6 dqg 8 duh vlplodu1 Zh zloo xvh wkh frh!flhqw hvwlpdwhv k￿ wr
43k￿E&￿ k2 E,￿ k￿ E|￿ ke Ee￿ q￿ E+￿ q2 E+2￿ q￿ E?￿
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Wdeoh 6= 6VOT/ Lqfoxglqj |--5 dqg q
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Wdeoh 7= 6VOT/ Lqfoxglqj |--5/ h{foxglqj q
vlpxodwh wkh h￿hfwv ri doorzlqj wudghdeoh shuplwv1 Ehfdxvh ri wkh srvvleoh
eldv wkdw uhvxowv iurp wuhdwlqj +2 dv h{rjhqrxv/ zh khuhdiwhu frqfhqwudwh rq
wkh prgho uhsruwhg lq Wdeoh 81 Zh xvh wkh uhvxowv lq Wdeoh 6 iru vhqvlwlylw|
frpsdulvrqv lq wkh qh{w vhfwlrq1
Wkhuh lv olwwoh gl￿huhqfh ehwzhhq wkh ROV dqg 6VOT hvwlpdwhv ri htxdwlrq
+5,/ zklfk lv qrw vxusulvlqj lq ylhz ri wkh kljk fruuhodwlrq ehwzhhq ? dqg
e1 Lw lv qrw fohdu zkhwkhu d v|vwhpv hvwlpdwru lv lpsruwdqw iru htxdwlrq +4,1
Wkh vxp ri wkh hodvwlflwlhv xqghu ROV +Wdeoh 4,dqg xqghu 6VOT +Wdeoh 8,
duh yluwxdoo| wkh vdph +1<:6 dqg 1<:5/ uhvshfwlyho|,/ dqg iru erwk phwkrgv zh
uhmhfw wkh k|srwkhvlv ri frqvwdqw uhwxuqv wr vfdoh lq fdslwdo/ oderu/ whfkqrorj|
dqg hplvvlrqv1 Krzhyhu/ wkh 6VOT hvwlpdwh ri wkh lqfrph hodvwlflw| zlwk
uhvshfw wr hplvvlrqv +ke, lv grxeoh wkh ROV hvwlpdwh1 Wklv sdudphwhu lv nh|
lq vlpxodwlqj wkh sulfh ri wudghdeoh shuplwv1
D irupdo whvw ri zkhwkhu wkh wzr vhwv ri k￿ +lq Wdeohv 4 dqg 8, duh htxdo
lv frpsolfdwhg ehfdxvh wkh wzr hvwlpdwhv uho| rq wkh vdph gdwd vhw dqg duh
reylrxvo| fruuhodwhg1 Krzhyhu/ zh fdq xvh vwdqgdug whvwv iru d vhw ri uhodwhg
k|srwkhvhv1 Zh uhmhfw wkh k|srwkhvlv +xqghu 6VOT, wkdw ke ’ ￿feD2 +@ wkh
ydoxh lq Wdeoh 4,> wkh w vwdwlvwlf lv 51751 Zh idlo wr uhmhfw wkh mrlqw k|srwkhvlv
+xqghu 6VOT, wkdw wkh vhw ri k￿ htxdo wkh fruuhvsrqglqj ROV ydoxhv lq Wdeoh
4> wkh ￿2 vwdwlvwlf lv 81;7 dqg wkh fulwlfdo ￿2 lv 4615; dw wkh 4( vljql￿fdqfh
k￿ E&￿ k2 E,￿ k￿ E|￿ ke Ee￿ q￿ E+￿ q2 E+2￿ q￿ E?￿
184: 15;: 13958 1439 01549 414:<
+531;5, +<177, +;1:7, +713:, +08188, +6417:,
Wdeoh 8= 6VOT/ H{foxglqj |--5/ lqfoxglqj q
44k￿ E&￿ k2 E,￿ k￿ E|￿ ke E?￿ ￿f Efrqvwdqw, ￿￿ E￿￿
1835 1645 1387 1439 :4< 5185
E￿b￿￿￿￿ E￿2￿.￿￿ EH￿eH￿ Ee￿￿H￿ E￿2S￿ E￿D￿￿
Wdeoh 9= ROV Hvwlpdwhv ri Htxdwlrqv +6, dqg +7,
ohyho1 Rq wkh rwkhu kdqg/ zh uhmhfw wkh mrlqw k|srwkhvlv +xqghu ROV, wkdw
wkh vhw ri k￿ htxdo wkh fruuhvsrqglqj 6VOT ydoxhv lq Wdeoh 8> wkh I vwdwlvwlf
lv 81: dqg wkh fulwlfdo I+7/689, dw wkh 4( vljql￿fdqfh ohyho lv 61651
Zh zloo xvh wkh sdudphwhu hvwlpdwhv wr vlpxodwh wkh h￿hfw ri wudghdeoh
shuplwv1 Wkhuhiruh/ d uhdvrqdeoh zd| ri ghwhuplqlqj zkhwkhu d v|vwhpv
hvwlpdwru lv lpsruwdqw/ lv wr frpsduh vlpxodwlrqv xvlqj vlqjoh htxdwlrq dqg
v|vwhpv hvwlpdwruv1 Krzhyhu/ li zh kdg fkrvhq wr ehjlq zlwk d vlqjoh htxd0
wlrq prgho/ htxdwlrq +4, zrxog qrw kdyh ehhq prvw uhdghuv* reylrxv fkrlfh1
Dv zh phqwlrqhg lq wkh suhylrxv vhfwlrq/ d pruh idploldu prgho wuhdwv lqfrph
dv d ixqfwlrq ri wkh xvxdo idfwruv dqg hqhuj| +udwkhu wkdq hplvvlrqv,1 Wkdw
lv/ zh uhsodfh htxdwlrq +4, zlwk
+￿r ’ S￿ n k￿&￿r n k2,￿r n k￿|￿r n ke?￿r n "￿￿r￿ +6,
Zh fdq xvh wkh uhodwlrq ehwzhhq hplvvlrqv dqg hqhuj|/
. ’ ￿f n ￿￿￿ n "e￿r +7,
wr wudqvodwh uhvwulfwlrqv rq hplvvlrqv wr uhvwulfwlrqv rq hqhuj|1 +Xsshu fdvh
ohwwhuv uhsuhvhqw ohyhov/ dqg orzhu fdvh ohwwhuv uhsuhvhqw wkh orj ri shu fdslwd
ohyhov1, Wdeoh 9 frqwdlqv wkh ROV sdudphwhu hvwlpdwhv dqg w vwdwlvwlfv iru
wkhvh wzr htxdwlrqv1 Wkh U2 iru erwk htxdwlrqv htxdo 1<<1 Wkh ROV hvwlpdwh
ri ke lq Wdeoh 9/ xvlqj ? udwkhu wkdq e dv d uhjuhvvru/ lv pxfk forvhu wr wkh
6VOT hvwlpdwh +Wdeoh 8, wkdq wr wkh ROV hvwlpdwh +Wdeoh 4,1 Wkh hvwlpdwh
iru ￿f lv qrw vljql￿fdqwo| gl￿huhqw iurp 31
Rxu hvwlpdwhv iru htxdwlrqv +4, ru +6, duh frpsdudeoh wr wkh dxjphqwhg
Vrorz jurzwk prgho hvwlpdwhg e| Qrqqhpdq dqg Ydqkrxgw ^4<‘ iru RHFG
frxqwulhv1 Wkhlu hvwlpdwhg surgxfwlrq ixqfwlrq lv t ’ g￿￿￿u￿e ￿ A ￿fHM￿￿D/
zkhuh wkhlu phdvxuh ri whfkqrorj|/ ￿ A/ xvhv U)G h{shqglwxuhv dqg M lv d
phdvxuh ri kxpdq fdslwdo1 Zh h{shulphqwhg zlwk lqfoxglqj kxpdq fdslwdo/
sur{lhg e| dyhudjh |hduv ri hgxfdwlrq1 Wkh vljqv ri wkh frh!flhqwv glg qrw
fkdqjh/ exw wkh frh!flhqwv ri oderu/ whfkqrorj|/ dqg kxpdq fdslwdo zhuh qrw
45vljql￿fdqwo| gl￿huhqw iurp 31; Rxu hvwlpdwh ri wkh hodvwlflw| zlwk uhvshfw wr
fdslwdo lv odujhu/ dqg rxu hvwlpdwh ri wkh oderu hodvwlflw| lv vpdoohu/ uhodwlyh
wr ^4<‘1 Dowkrxjk zh xvh d gl￿huhqw yduldeoh wr phdvxuh whfkqrorj|/ rxu
hodvwlflw| hvwlpdwh lv vlplodu wr wkhluv1
8 Vlpxodwlrq Uhvxowv
Zh ehjlq zlwk d eulhi glvfxvvlrq ri wkh uhgxfhg irup ri wkh prgho dqg wkhq
h{sodlq krz zh fdq xvh wkh vwuxfwxudo prgho wr vlpxodwh wkh sulfh dqg wkh
h!flhqf| h￿hfw ri wudghdeoh shuplwv1 Zh dovr fdofxodwh wkh pd{lpxp ihdvleoh
uhgxfwlrq lq djjuhjdwh hplvvlrqv/ wrjhwkhu zlwk wkh doorfdwlrqv ri shuplwv/
wkdw lv frqvlvwhqw zlwk kroglqj doo frxqwulhv dw d jlyhq ohyho ri lqfrph1
Iluvw/ zh frqvlghu wkh uhgxfhg irup ri wkh prgho1 Zh vroyh wkh ghwhuplq0
lvwlf yhuvlrqv ri htxdwlrqv +4, dqg +5, +zlwk q2 ’f , wr rewdlq dq h{suhvvlrq
iru frxqwu| l*v htxloleulxp +uhgxfhg irup, ohyho ri hplvvlrqv=
*? .￿ ’ #f n #￿ *?8￿ n #2 *? ￿JR￿ n #￿ *? ￿￿ +8,




















Wkh ￿idfwru lqgh{￿ 8￿ lv d ixqfwlrq ri fdslwdo/ oderu/ dqg whfkqrorj|1 Wkh
sdudphwhu hvwlpdwhv lq Wdeoh 8 lpso| srlqw hvwlpdwhv iru wkh hodvwlflwlhv ri
hplvvlrqv zlwk uhvshfw wr 8/ ￿JR/ dqg ￿ ri= #￿ ’ ￿￿2￿/ #2 ’ ￿f￿ dqg #￿ ’
￿￿￿D1 Dq lqfuhdvh lq idfwruv ri surgxfwlrq udlvhv JGS/ dqg edvhg rq rxu
hvwlpdwhg qhjdwlyh ydoxh ri q￿/ ohdgv wr d ghfuhdvh lq hplvvlrqv1 Rwkhu wklqjv
htxdo/ d 43( lqfuhdvh lq srsxodwlrq ohdgv wr d 16( lqfuhdvh lq hplvvlrqv1
Krzhyhu/ d srsxodwlrq lqfuhdvh lv xvxdoo| dvvrfldwhg zlwk dq lqfuhdvh lq oderu
dqg wkxv dq lqfuhdvh lq 8/ vr rxu hvwlpdwhv lpso| wkdw wkh qhw h￿hfw ri kljkhu
srsxodwlrq pd| eh wr ghfuhdvh hplvvlrqv1 Wkh hodvwlflw| ri hplvvlrqv zlwk
uhvshfw wr ￿ h{fhhgv ￿￿
;Wkhuh zdv yhu| olwwoh yduldwlrq ryhu wlph lq phdq |hduv ri hgxfdwlrq iru prvw frxqwulhv1
Wkxv/ zh h{shfw wkdw wkh frxqwu| gxpp| zrxog slfn xs wkh kxpdq fdslwdo h￿hfw1 Pdqnlz
hw do1 ^48‘ dovr ￿qg wkdw lqfoxglqj kxpdq fdslwdo lq wkh Vrorz prgho ohdgv wr orz w ydoxhv iru
lqyhvwphqw dqg srsxodwlrq jurzwk iru wkh RHFG frxqwulhv1 Qrqqhpdq dqg Ydqkrxgw ^4<‘
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Iljxuh 4= Htxloleulxp zlwk dqg zlwkrxw txrwdv
Xvlqj htxdwlrqv +4, dqg +5, +zlwk q2 ’f ,/ wkh uhgxfhg irup +ghwhuplq0
lvwlf, htxdwlrq iru lqfrph lv
*?t￿ ’ wf n w￿ *?8￿ n w2 *?￿JR ￿ n w￿ *?￿￿ +9,
wf ￿ ke#f(w￿ ￿ ￿nke#￿(w2 ￿ E￿ ￿P￿k￿￿nke#2(w￿ ￿ ke#￿￿
Wkh sdudphwhu hvwlpdwhv lq Wdeoh 8 lpso| srlqw hvwlpdwhv iru wkh hodvwlflwlhv
ri lqfrph zlwk uhvshfw wr 8/ ￿JR/d q g￿ ri= w￿ ’ ￿b.H/ w2 ’ ￿f￿￿cw ￿ ’ ￿￿221
Wkh hodvwlflw| ri lqfrph zlwk uhvshfw wr wkh lqgh{ ri idfwruv/ 8/l vq h d u o |4
dqg wkh hodvwlflw| zlwk uhvshfw wr ￿ +w￿ ’ ￿￿22, lv vlplodu wr wkh hodvwlflw| zh
rewdlqhg e| hvwlpdwlqj wkh uhgxfhg irup/ uhsruwhg lq Wdeoh 9 +ke ’ ￿￿fS,1
Rxu hvwlpdwhv lpso| wkdw lqfuhdvhg hplvvlrqv duh dvvrfldwhg zlwk d fkdqjh
lq wkh vwuxfwxuh ri wkh hfrqrp|/ sur{lhg e| ￿/ udwkhu wkdq iurp odujhu vxs0
solhv ri fdslwdo/ oderu dqg whfkqrorj|1 Iru h{dpsoh/ rxu srlqw hvwlpdwhv
lpso| wkdw li hqhuj| frqvxpswlrq lqfuhdvhv e| 53(/ FR2 hplvvlrqv lqfuhdvh
e| 56( dqg JGS lqfuhdvhv e| 517(1
Qrz zh h{sodlq krz zh zloo xvh wkh vwuxfwxudo prgho ￿ sduwlfxoduo| wkh
uhyhqxh ixqfwlrq/ htxdwlrq E￿￿ ￿ wr hvwlpdwh wkh h￿hfw ri wudgh lq shuplwv1
47Lw lv frqyhqlhqw wr uhzulwh htxdwlrq E￿￿ dv
t￿ ’ ￿￿.
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Wkh srvlwlyho| vorshg vrolg fxuyh lq Iljxuh 4 vkrzv wkh judsk ri wkh uhyhqxh
ixqfwlrq iru d sduwlfxodu frxqwu| lq wkh |hdu 4<<3/ dqg wkh qhjdwlyho| vorshg
fxuyh vrolg vkrzv wkh hplvvlrqv ixqfwlrq1 Wkh lqwhuvhfwlrq ri wkhvh fxuyhv/
srlqw %/ uhsuhvhqwv wkh 4<<3 htxloleulxp1 Li idfwruv ri surgxfwlrq dqg srs0
xodwlrq ^dqg wkxv wkh yduldeoh ￿ gh￿qhg lq htxdwlrq E.￿‘ lqfuhdvh/ wkhq wkh
uhyhqxh ixqfwlrq vkliwv rxw dv vkrzq e| wkh gdvkhg fxuyh lq Iljxuh 41
Prvw frpphqwdwruv dvvxph wkdw lq wkh devhqfh ri dq djuhhphqw/ hplv0
vlrqv zrxog dovr lqfuhdvh ryhu wlph1 Jlyhq rxu sdudphwhu hvwlpdwhv/dq lq0
fuhdvh lq erwk hplvvlrqv dqg lq idfwruv ri surgxfwlrq +8, uhtxluhv wkdw wkh
hplvvlrqv ixqfwlrq vkliwv rxw +h1j1/ gxh wr dq lqfuhdvh lq ￿,1 Wkh fxuyh
odehoohg .￿Et￿c￿￿
￿￿ uhsuhvhqwv wkh ixwxuh +h1j1/ |hdu 5343, hplvvlrqv ixqfwlrq/
dqg wkh srlqw %￿ lv wkh htxloleulxp frpelqdwlrq ri hplvvlrqv dqg lqfrph lq
wkh devhqfh ri dq djuhhphqw wr frqvwudlq hplvvlrqv1
Dq lqwhuqdwlrqdo djuhhphqw fkdqjhv wkh uhjlph wkdw ghwhuplqhv wkh ohyho
ri hplvvlrqv1 Li wkh djuhhphqw uhvwulfwv hplvvlrqv lq wkh |hdu 5343 wr lwv 4<<3
ohyho/ wkh frxqwu|*v ohyho ri lqfrph zlwkrxw wudgh lv jlyhq e| wkh srlqw 51L i
d frxqwu| uhfhlyhv dq doorfdwlrq htxdo wr lwv 4<<3 hplvvlrqv/ exw lv deoh wr
wudgh shuplwv/ lw fdq dfklhyh d kljkhu ohyho ri lqfrph/ vxfk dv wkh srlqw 5￿1<
Lq rughu wr xvh wkh prgho wr vlpxodwh wkh sulfh dqg h!flhqf| h￿hfw ri
wudghdeoh shuplwv zh qhhg dq hvwlpdwh ri krz ￿￿ zloo fkdqjh ryhu wkh shulrg
4<<3 0 53431 Zh sursrvh wzr dowhuqdwlyhv1 Wkh vlpsohvw dowhuqdwlyh lv wr
dvvxph wkdw ￿￿ uhpdlqv frqvwdqw1 Lq wklv fdvh/ wkh fkdqjh lq hplvvlrqv/
devhqw dq djuhhphqw/ lv gxh vroho| wr wkh vkliw lq wkh hplvvlrqv ixqfwlrq1 D
pruh sodxvleoh dowhuqdwlyh lv wr dvvxph wkdw wkh lqfuhdvh lq ￿￿ lv srvlwlyh/
exw lv wkh vdph iru doo frxqwulhv1 Wkdw lv/ ￿￿c2f￿f ’ b￿￿c￿bbf iru b ￿ ￿1
Dowkrxjk zh gr qrw dwwhpsw wr hvwlpdwh wkh ydoxh ri b/ d vlpsoh fdofx0
odwlrq vxjjhvwv d pdjqlwxgh wkdw lv frqvlvwhqw zlwk rxu prgho dqg gdwd dqg
zlwk surmhfwlrqv iru wkh lqfuhdvh lq hplvvlrqv lq wkh devhqfh ri dq djuhhphqw1
Ryhu wkh shulrg 4<:8 0 4<<3 wkh dyhudjh |hduo| lqfuhdvh lq JGS iru frxqwulhv
lq rxu vdpsoh zdv 51<(1 Li wklv dyhudjh zhuh pdlqwdlqhg ryhu wkh shulrg
4<<3 ￿ 5343/ wkhuh zrxog eh d ::( lqfuhdvh lq hdfk frxqwu|*v JGS1 XV
<Wkh krul}rqwdo frruglqdwh ri }3 uhsuhvhqwv wkh frxqwu|*v txrwd doorfdwlrq/ zklfk gl￿huv
iurp lwv dfwxdo hplvvlrqv e| wkh dprxqw ri wudgh1 Wkh yhuwlfdo frruglqdwh uhshvhqwv wkh
ydoxh ri surgxfwlrq \l+Hl>￿D l, qhw ri wkh ydoxh ri vdohv ri txrwd olfhqvhv1
48hplvvlrqv/ lq wkh devhqfh ri dq djuhhphqw/ duh h{shfwhg wr lqfuhdvh e| 58( 0
68( ryhu wkh vdph shulrg ^6‘1 D 63( lqfuhdvh lq . dqg d ::( lqfuhdvh lq t
lv frqvlvwhqw zlwk d :5( lqfuhdvh lq ￿ lq htxdwlrq E.￿/ jlyhq rxu ￿suhihuuhg￿
hvwlpdwh/ ke ’ ￿￿fS1 Wkxv/ rxu edfn0ri0wkh0hqyhorsh fdofxodwlrq vxjjhvwv
wkdw b ’￿ ￿.2 lv d uhdvrqdeoh rughu ri pdjqlwxgh1
Wkhuh lv d vlpsoh uhodwlrq/ ghvfulehg ehorz/ ehwzhhq wkh htxloleulxp sulfh
ri shuplwv dqg wkh ydoxh ri b1 Wkhuhiruh/ lq wkh qh{w vhfwlrq zh uhsruw wkh
vlpxodwhg htxloleulxp sulfh xqghu wkh +lpsodxvleoh, dvvxpswlrq wkdw b ’￿ 1
Wkh uhdghu fdq dgmxvw wkhvh sulfhv ghshqglqj rq wkh ydoxh ri b wkdw vhhpv
uhdvrqdeoh1 Wkh h!flhqf| jdlqv gxh wr wudgh duh lqghshqghqw ri wkh ydoxh
ri b1
814 Htxloleulxp Sulfhv dqg H!flhqf| Jdlqv
Zlwk wudghdeoh hplvvlrqv dqg shuihfw frpshwlwlrq/ wkh ydoxh ri pdujlqdo
surgxfw ri hplvvlrqv lq hdfk frxqwu| htxdov wkh zruog sulfh1 Xvlqj htxdwlrq
E.￿/ frxqwu| l*v ydoxh ri pdujlqdo surgxfw +lwv htxloleulxp lqyhuvh ghpdqg,
iru hplvvlrqv lv ￿ ’ ke￿￿.
ke3￿








Iru wkh srlqw hvwlpdwh ke ’ ￿￿fS/ wkh lpsolhg hodvwlflw| ri ghpdqg +erwk iru
d vlqjoh frxqwu| dqg iru wkh djjuhjdwh ri doo frxqwulhv, lv ￿￿￿21 Vxpplqj
htxdwlrq +;, ryhu ￿ dqg vhwwlqj wkh uhvxow htxdo wr wkh djjuhjdwh ohyho ri
hplvvlrqv 7 . jlyhv wkh htxloleulxp sulfh ￿ WE 7 .￿ dv wkh vroxwlrq wr









Wr hvwlpdwh wkh sulfh xvlqj htxdwlrq +6, ^udwkhu wkdq htxdwlrq +4, dv
deryh‘ zh ￿uvw xvh htxdwlrq +7, wr fdofxodwh wkh ohyho ri 7 ￿ wkdw fruuhvsrqgv
wr d sduwlfxodu ohyho ri 7 .1 Zh wkhq fdofxodwh wkh htxloleulxp sulfh iru
u l j k w vw rx v h￿ xvlqj htxdwlrqv dqdorjrxv wr +;, dqg +<,/ exw zlwk gl￿huhqw
sdudphwhu ydoxhv1 Zh frqyhuw wkh sulfh ri ￿ wr d sulfh ri . xvlqj +7,1
Wdeoh : uhsruwv wkh vlpxodwhg sulfh +4<;: XV’ shu phwulf wrq ri FR2,
zkhq RHFG djjuhjdwh hplvvlrqv dqg frxqwu| l*v idfwruv +dqg wkxv ￿￿, htxdo
wkhlu 4<<3 ohyhov/ iru gl￿huhqw vhwv ri sdudphwhu hvwlpdwhv1 +Wkdw lv/ zh vhw
49frh!flhqwv iurp Wdeoh 4 6 8 9
sulfh shu phwulf wrq ri FR2 ’8:18 ’4:4158 ’4891; ’46716
sulfh shu phwulf wrq ri fduerq m2￿f￿He mS2.￿b2 mD.e￿be meb2￿eH
Wdeoh := Vlpxodwhg Sulfhv
b ’￿ 1, Wkh ￿uvw urz ri Wdeoh : uhsruwv wkh wdeoh +dqg wkxv wkh prgho, wkdw
zh xvhg iru wkh frh!flhqw hvwlpdwhv> wkh vhfrqg urz uhsruwv wkh vlpxodwhg
sulfh iru FR2> dqg wkh wklug urz frqyhuwv wklv lqwr d sulfh ri fduerq143 Wkh
sulfh hvwlpdwhv vxppdul}hg lq Vhfwlrq 516 uhihu wr wrqv ri fduerq/ vr wkh wklug
urz ri Wdeoh 6 vkrxog eh xvhg iru frpsdulvrq1




/ ghvslwh wkh idfw wkdw pdq| ri wkh xqghuo|lqj sdudphwhu hvwlpdwhv duh
vlplodu1 +Wkh sulfh hvwlpdwhv ri wkh wzr vlqjoh htxdwlrq prghov gl￿hu e| d
idfwru ri
￿￿e
D. ’2 ￿￿1, Zh suhihu Prgho 8 rq wkhruhwlfdo jurxqgv exw uhfrjql}h
wkdw Prgho 9 pljkw vwulnh pdq| uhdghuv dv dq reylrxv fkrlfh ehfdxvh lw
lv wkh prvw idploldu1 +Wkh sulfh hvwlpdwhv ri prghov 8 dqg 9 gl￿hu e| d
idfwru ri rqo| ￿D.
￿￿e ’￿ ￿21, Prgho 6 huuv e| wuhdwlqj +2 dv h{rjhqrxv lq
hvwlpdwlqj wkh vhfrqg htxdwlrq1 Prgho 4 lv wkh ohdvw mxvwl￿deoh= wkh udwlrqdoh
iru xvlqj hplvvlrqv +udwkhu wkdq hqhuj| frqvxpswlrq, dv d uhjuhvvru iru JGS
uholhv rq wkh dvvxpswlrq wkdw JGS dqg hplvvlrqv duh mrlqw rxwsxwv/ dqg
wkxv uhtxluhv d vlpxowdqhrxv htxdwlrqv prgho1 Wkh hvwlpdwhv lq Prgho 4
ljqruh wkh vlpxowdqhlw|1 Krzhyhu/ ri wkh irxu fkrlfhv/ Prgho 4*v hvwlpdwhv
duh forvhvw wr wkrvh ri wkh suhylrxv olwhudwxuh/ vxppdul}hg lq Vhfwlrq 5161
Zh dovr fdofxodwhg wkh htxloleulxp sulfh li hplvvlrqv duh uhgxfhg e| 53(
ri 4<<3 ohyhov1 Xvlqj wkh hvwlpdwhv lq Wdeoh 8/ wkh sulfh ri d phwulf wrq ri
FR2 +fduerq, lv ’4<4 +’9:3,1 Djdlq/ wklv sulfh lv pxfk kljkhu wkdq wkrvh
vxjjhvwhg e| wkh vlpxodwlrqv fduulhg rxw e| wkh Hqhuj| Prgholqj Iruxp dw
Vwdqirug Xqlyhuvlw| ^7‘/ zklfk fdofxodwh wkdw d wd{ ri ehwzhhq ’83 dqg ’593
+dyhudjlqj ’4:3, vxssruwv d 53( uhgxfwlrq lq fduerq hplvvlrqv1
Lq rughu wr hvwlpdwh wkh h!flhqf| jdlq gxh wr wudghdeoh shuplwv/ zh
frpsduh d frxqwu|*v hvwlpdwhg JGS zlwk dqg zlwkrxw wudghdeoh shuplwv/
jlyhq d txrwd doorfdwlrq ri wkhlu 4<<3 hplvvlrqv ohyho1 Ghqrwh t W
￿ dv frxqwu|
l*v JGS zkhq lw xvhv wkh h!flhqw ohyho ri hplvvlrqv/ ghqrwhg .W
￿ +htxdov wkh
ydoxh jlyhq e| htxdwlrq EH￿,1 +t W
￿ ’ ￿￿.
Wke
￿ ￿, Wkh ydoxh ri lwv h{sruwv ri
43FR5 kdv d prohfxodu zhljkw ri 45 . 5+49, @ 771 Wkxv wkh udwlr ri wkh zhljkw ri FR5
wr fduerq lv 77
45 @6 =999:1
4:shuplwv/ jlyhq dq doorfdwlrq htxdo wr lwv dfwxdo 4<<3 hplvvlrqv/ .￿c￿bbf/l v
￿WE.￿c￿bbf￿.W
￿ ￿/ zkhuh ￿ Wlv wkh htxloleulxp sulfh iurp htxdwlrq +<,1 Xqghu










Wkh hvwlpdwhg ohyho ri lqfrph zlwkrxw wudgh lv t￿c￿bbf ’ ￿￿.
ke
￿c￿bbf1 D phdvxuh




Iljxuh 5 vkrzv wkh h!flhqf| jdlqv iru wkh frxqwulhv lq rxu vdpsoh1 Iru
prvw frxqwulhv wkh jdlqv duh ehorz 5( ri JGS> rqo| wkuhh frxqwulhv jdlq
pruh wkdq 6(1 Wkh Xqlwhg Vwdwhv jdlqv 3186(1 Wkh xqzhljkwhg dyhudjh
ri wkh jdlqv iru wkh 57 frxqwulhv lv 4169(1 Iljxuh 6 vkrzv wkh dfwxdo +4<<3,
vkduhv ri hplvvlrqv dqg wkh h!flhqw vkduhv .W
￿ +odehoohg ￿Vlpxodwlrq 4￿,1
Lq rughu wr dvvhvv zkhwkhu wklv h!flhqf| jdlq lv odujh ru vpdoo/ lw khosv wr
frpsduh lw wr hvwlpdwhv ri dedwhphqw frvwv ri dqg ri wkh frvw dvvrfldwhg zlwk
gdpdjhv uhvxowlqj iurp lqfuhdvhg vwrfnv ri juhhqkrxvh jdvvhv1 Qrugkdxv* ^4;‘
vxuyh| srlqwv wr dq hvwlpdwh ri 4( ri zruog JGS dv wkh dqqxdo frvw judgxdoo|
uhgxflqj ixwxuh hplvvlrqv e| 83(1 Krho dqg Ndus ^<‘ vxuyh| hvwlpdwhv ri
wkh frvwv ri gdpdjhv uhvxowlqj iurp d grxeolqj ri juhhqkrxvh vwrfnv1 Wkhvh
gdpdjh hvwlpdwhv duh hyhq pruh vshfxodwlyh wkdq wkh hvwlpdwhv ri dedwhphqw
frvwv> prvw hvwlpdwhv duh zlwklq wkh udqjh ri 4( wr 8( ri zruog JGS1 Vlqfh
rxu hvwlpdwhv ri wkh h!flhqf| jdlqv uhvxowlqj iurp wudgh duh ri d vlplodu rughu
ri pdjqlwxgh/ wkh| pxvw eh frqvlghuhg odujh144
Wkh uhvxowv deryh khog ￿￿ dw lwv +hvwlpdwhg, 4<<3 ohyho1 Dv zh glvfxvvhg
deryh/ wklv dvvxpswlrq surylghv wkh vlpsohvw exw qrw wkh prvw sodxvleoh
phdqv ri xvlqj rxu prgho wr hvwlpdwh wkh h￿hfw ri wudghdeoh shuplwv1 Li/
￿￿ lqfuhdvhv lq wkh ixwxuh +wkh wlph dw zklfk wkh txrwd ehfrphv elqglqj,
wkh htxloleulxp sulfh zrxog eh kljkhu1 Iru h{dpsoh/ vxssrvh wkdw ￿￿ lv
uhsodfhg e| b￿￿/ b ￿ ￿ wr uhsuhvhqw dq lqfuhdvh lq idfwruv ri surgxfwlrq dqg
srsxodwlrq1 Xvlqj htxdwlrq +;, dqg wkh htxloleulxp frqglwlrq 7 . ’P ￿.￿/
lw lv hdv| wr vkrz wkdw _￿ W
￿ W ’ _b
b 1 Wkh suhylrxv vxevhfwlrq vxjjhvwhg wkdw
44Rxu ￿suhihuuhg￿ hvwlpdwh ri wkh hodvwlflw| ri JGS zlwk uhvshfw wr hplvvlrqv/ ￿7 @ =439/
lpsolhv wkdw d 83( uhgxfwlrq lq hplvvlrqv uhgxfhv lqfrph e| 8=6(1 Wklv hvwlpdwh lv ryhu
￿yh wlphv wkh pdjqlwxgh ri wkh hvwlpdwh vxjjhvwhg e| Qrugkdxv* vxuyh| +derxw 4(,1
Rxu hvwlpdwhv ri erwk wkh frvwv ri dedwhphqw dqg wkh jdlqv gxh wr wudgh lq shuplwv duh
kljkhu wkdq hvwlpdwhv edvhg rq hqjlqhhulqj vwxglhv1 Ghfdqlr ^7‘ glvfxvvhv wkh idfw wkdw
hfrqrphwulf dssurdfkhv whqg wr jlyh pxfk kljkhu hvwlpdwhv ri dedwhphqw frvwv/ uhodwlyh
wr hqjlqhhulqj dssurdfkhv1
4;_b
b ’ ￿.2 lv d uhdvrqdeoh hvwlpdwh1 Zlwk wklv hvwlpdwh/ doo ri wkh vlpxodwhg
sulfhv vkrxog eh lqfuhdvhg e| :5(1
Wkh hvwlpdwhg htxloleulxp vkduhv dqg h!flhqf| jdlq duh lqghshqghqw ri
b +surylghg wkdw wkh ydoxh ri b lv wkh vdph iru hdfk frxqwu|,1 Lq wkh devhqfh
ri wudgh/ lqfrph lv b￿￿.
ke
￿c￿bbf1 Zlwk htxdo sursruwlrqdo jurzwk lq ￿￿ iru doo
￿/ hdfk frxqwu|*v ghpdqg iru hplvvlrqv vkliwv xs e| wkh vdph dprxqw/ dqg
lwv htxloleulxp vkduh zlwk wudgh uhpdlqv wkh vdph1 Vlqfh wkh shufhqwdjh
lqfuhdvh lq sulfh htxdov wkh shufhqwdjh lqfuhdvh lq b/ lqfrph xqghu wudgh
+t A￿
￿ , lqfuhdvhv e| wkh vdph sursruwlrq dv lqfrph lq wkh devhqfh ri wudgh=
wkh h!flhqf| jdlq lv lqghshqghqw ri b1
815 Pd{lpdo Hplvvlrqv Uhgxfwlrqv dqg Txrwd Vkduhv
Zh rewdlq dqrwkhu shuvshfwlyh rq wkh h!flhqf| ri shuplw wudglqj e| fdofx0
odwlqj wkh pd{lpxp dgglwlrqdo uhgxfwlrq lq hplvvlrqv wkdw fdq eh dfklhyhg
e| doorzlqj wudgh/ zlwkrxw uhgxflqj lqfrph1 Iru h{dpsoh/ vxssrvh wkdw
lqlwldoo| doo frxqwulhv djuhh wr uhgxfh wkhlu hplvvlrqv wr 4<<3 ohyhov/ exw wudgh
lq shuplwv lv qrw doorzhg1 Frxqwu| ￿*v lqfrph xqghu wklv djuhhphqw lv
t￿ ’ b￿￿.
ke
￿c￿bbf1 Wklv lq wkh lqfrph ohyho jlyhq e| srlqw 5 lq Iljxuh 41
Frxqwulhv vxevhtxhqwo| djuhh wr doorz wudgh lq shuplwv1 Wkh| uhwxuq wr wkh
edujdlqlqj wdeoh dqg vhhn d ixuwkhu djjuhjdwh uhgxfwlrq lq hplvvlrqv/ wrjhwkhu
zlwk dq doorfdwlrq ri shuplwv/ vxfk wkdw qr frxqwu| lv zruvh r￿ wkdq xqghu
wkh lqlwldo djuhhphqw1 Xqghu wkh qhz djuhhphqw wkh htxloleulxp lv dw d
srlqw wr wkh ohiw ri 5> hplvvlrqv duh orzhu exw wkh lqfrph ohyho +lqfoxvlyh ri
wkh ydoxh ri qhw lpsruwv ri shuplwv, lv xqfkdqjhg1
Li wkh qhz +zlwk wudgh, djjuhjdwh wdujhw lv 7 . dqg frxqwu| ￿*v vkduh lv >￿/




WE 7 .(b￿E>￿ 7 . ￿.
W
￿ ￿ ￿ b￿￿.
ke
￿c￿bbf￿ +44,
Wkh ￿uvw whup rq wkh ohiw vlgh ri E￿￿￿ lv wkh ydoxh ri grphvwlf surgxfwlrq/
jlyhq wkh h!flhqw ohyho ri hplvvlrqv/ dqg wkh vhfrqg whup lv wkh ydoxh ri qhw
h{sruwv ri shuplw1 Wkh htxloleulxp sulfh ￿WE 7 .(b￿ lv sursruwlrqdo wr b dqg
wkh htxloleulxp vkduhv .W
￿ duh lqghshqghqw ri b￿ Wkhuhiruh zh fdq glylgh
erwk vlghv ri E￿￿￿ e| b dqg zulwh wkh frqvwudlqw rq lqfrph dv lqghshqghqw
ri wkh jurzwk sdudphwhu b1
Wkh rswlpl}dwlrq sureohp wkdw ghwhuplqhv wkh qhz djuhhphqw lv
4￿?
7 .c>￿
7 .c vxemhfw wr P￿>￿ ’￿ / htxdwlrq E￿￿￿￿ +45,
4<Wkh htxloleulxp sulfh dqg wkh ￿qdo xvh ri hplvvlrqv lv lqghshqghqw ri wkh
doorfdwlrq ri txrwd uljkwv1 Krzhyhu/ d frxqwu|*v lqfrph/ dqg wkxv lw*v zloo0
lqjqhvv wr vljq dq djuhhphqw/ grhv ghshqg rq wkh doorfdwlrq1 Iljxuh 6 vkrzv
wkh dfwxdo vkduhv ri hplvvlrqv lq 4<<3 dqg wkh vkduhv lpsolhg e| wkh vroxwlrq
wr htxdwlrq +45,/ +lghqwl￿hg dv ￿Vlpxodwlrq 5￿,1 Iljxuh 7 vkrzv wkh dfwxdo
ohyhov ri hplvvlrqv lq 4<<3 dqg wkh ohyhov suhvfulehg e| wkh vroxwlrq wr htxd0
wlrq +45,1 Wkh plqlpdo ohyho ri 7 . lpsolhv dq H￿fS( uhgxfwlrq iurp 4<<3
ohyhov1
Zh gr qrw frqvwudlq >￿ ￿ f/ exw Vzlw}huodqg lv wkh rqo| frxqwu| wkdw
uhfhlyhv d +vpdoo, qhjdwlyh doorfdwlrq1 +Wkxv/ lpsrvlqj wkh qrq0qhjdwlylw|
frqvwudlqw rq vkduhv ohdgv wr d vpdoo fkdqjh lq wkh vroxwlrq1, D qhjdwlyh
vkduh lpsolhv wkdw d frxqwu| sd|v d ￿{hg frvw iru wkh uljkw wr xvh dq| ohyho
ri hplvvlrqv1 Wkh ydoxh ri wkh pdujlqdo surgxfw ri hplvvlrqv lq Vzlw}huodqg
zdv pxfk kljkhu wkdq wkh htxloleulxp zruog sulfh dw 4<<3 hplvvlrqv ohyhov1
Vzlw}huodqg rewdlqv d vxevwdqwldo lqfuhdvh lq lqfrph iurp lqfuhdvlqj lw*v hplv0
vlrqv1 Iljxuh 5 vkrzv wkdw Vzlw}huodqg kdv wkh odujhvw sursruwlrqdo h!flhqf|
jdlq dprqjvw doo RHFG frxqwulhv1 E| lqfuhdvlqj hplvvlrqv/ Vzlw}huodqg*v lq0
frph lqfuhdvhv e| hqrxjk wr r￿vhw wkh frvw ri sd|lqj iru hplvvlrqv1 Dowkrxjk
Vzlw}huodqg lv wkh rqo| frxqwu| wkdw rewdlqv d qhjdwlyh vkduh/ vhyhudo frxq0
wulhv +qrwdeo| Mdsdq dqg Iudqfh, hplw pruh xqghu wkh htxloleulxp lpsolhg
e| wkh vroxwlrq wr htxdwlrq +45, wkdq wkh| glg lq 4<<31 Wkhvh frxqwulhv*
vkduh ri txrwd uljkwv lv dovr ohvv wkdq wkhlu dfwxdo vkduh lq 4<<31
Wkhuh duh wzr lqwhuhvwlqj uhvxowv ri wklv h{shulphqw1 Iluvw/ wudghdeoh shu0
plwv pdnhv lw srvvleoh wr dfklhyh d vljql￿fdqwo| kljkhu ￿ ryhu H( ￿ uhgxfwlrq
lq hplvvlrqv zlwkrxw d orvv lq lqfrph1 Zh nqrz iurp hohphqwdu| sulqflsohv
wkdw wudgh pdnhv lw srvvleoh wr dfklhyh odujhu uhgxfwlrqv lq hplvvlrqv zlwkrxw
juhdwhu hfrqrplf frvw1 Rxu hpslulfdo uhvxowv jlyh xv dq lghd ri wkh olnho| ru0
ghu ri pdjqlwxgh ri wkh ehqh￿wv iurp wudgh1 Vrph hqylurqphqwdolvwv rssrvh
hplvvlrqv wudglqj1 Wkhuh duh d qxpehu ri ydolg uhdvrqv iru wklv rssrvlwlrq/
exw wkhlu ylhz pd| dovr eh froruhg e| d vnhswlflvp ri pdunhwv1 Uhvxowv vxfk
dv wklv pd| khos jhqhudwh pruh hqwkxvldvp iru pdunhwv1
Rxu uhvxowv suredeo| ryhuvwdwh wkh dfwxdo jdlq/ ehfdxvh zh ljqruh wudqv0
dfwlrqv frvwv dqg dgmxvwphqw frvwv zklfk zrxog xqgrxewhgo| eh dvvrfldwhg
zlwk d uhdoorfdwlrq ri hplvvlrqv1 Wkxv/ doo ri rxu hvwlpdwhv ri jdlqv vkrxog
eh ylhzhg dv sodxvleoh xsshu erxqgv/ udwkhu xqeldvhg hvwlpdwhv1
Wkh vhfrqg uhvxow frqfhuqv wkh doorfdwlrq ri txrwdv dqg wkh uhvxowlqj gl0
uhfwlrq ri wudgh1 D frpprq shufhswlrq lv wkdw wkh Xqlwhg Vwdwhv zrxog ex|
hplvvlrqv uljkwv/ dqg wkdw wkh delolw| wr wudgh pljkw lqgxfh lw wr dffhsw d
53vpdoohu txrwd1 Zkhq zh uhvwulfw dwwhqwlrq wr RHFG frxqwulhv/ rxu uhvxowv
vxjjhvw wkdw wkh Xqlwhg Vwdwhv zrxog h{sruw txrwd uljkwv1 Lq ylhz ri wkh
klvwrulfdo ohyho ri XV hplvvlrqv/ lw lv sodxvleoh wkdw vrph ri wkhvh duh zdvwh0
ixo/ dqg wkdw XV dedwhphqw frvwv duh orzhu wkdq hovhzkhuh1 Krzhyhu/ lq
rughu wr lqgxfh wkh Xqlwhg Vwdwhv wr pdnh wkhvh uhgxfwlrqv/ lw zrxog qhhg
wr eh frpshqvdwhg zlwk d odujh vkduh ri txrwd uljkwv1 Lq 4<<3 wkh Xqlwhg
Vwdwhv dffrxqwhg iru qhduo| kdoi ri RHFG hplvvlrqv1 Lwv txrwd vkduh xqghu
wkh vroxwlrq wr htxdwlrq +45, h{fhhgv lw*v dfwxdo 4<<3 vkduh1 Krzhyhu/ lwv
htxloleulxp vkduh ri hplvvlrqv lv pxfk ohvv wkdq lwv 4<<3 ohyhov1 Wkh Xqlwhg
Vwdwhv lv dovr d vhoohu ri hplvvlrqv txrwdv lq wkh suhylrxv h{shulphqwv/ zklfk
khog ￿{hg djjuhjdwh hplvvlrqv1
Wkh Free Grxjodv ixqfwlrqdo irup iru lqfrph lpsolhv wkdw d frxqwu|*v









￿ 1 Vlqfh wkh Xqlwhg Vwdwhv kdv dssur{lpdwho| 68( ri
RHFG JGS +lq 4<<3,/ lwv vkduh ri hplvvlrqv lv dssur{lpdwho| 68( iru doo
wkh h{shulphqwv1
9 Frqfoxvlrq
Zh hvwlpdwhg d vwuxfwxudo prgho wr dvvhvv wkh olnho| h￿hfwv ri wudgdeoh shu0
plwv iru FR2 hplvvlrqv1 Rqh htxdwlrq lq rxu prgho ghvfulehv wkh uhodwlrq
ehwzhhq JGS dqg idfwruv ri surgxfwlrq/ lqfoxglqj FR2 hplvvlrqv1 Zh ylhz
wkhvh hplvvlrqv dv uhsuhvhqwlqj ￿hqylurqphqwdo vhuylfhv￿/ wkh vxsso| ri zklfk
lv hqgrjhqrxv1 Wkh vhfrqg htxdwlrq xvhv lqfrph dqg hqhuj| frqvxpswlrq
+d sur{| iru wkh vwuxfwxuh ri wkh hfrqrp|, wr h{sodlq wkh htxloleulxp vxsso|
ri wkhvh ￿vhuylfhv￿1 Zkhq zh lqfoxgh hqhuj| frqvxpswlrq lq rxu prgho/ zh
￿qg d qhjdwlyh uhodwlrq ehwzhhq lqfrph dqg hplvvlrqv/ frqwudu| wr suhylrxv
vwxglhv1
Rxu hvwlpdwhv ri wkh sulfh dqg h!flhqf| h￿hfwv ri wudghdeoh shuplwv xvh
rqo| wkh sdudphwhuv ri wkh uhyhqxh ixqfwlrq1 Wkxv/ lw lv srvvleoh wr hvwl0
pdwh wkhvh sulfh dqg h!flhqf| h￿hfwv xvlqj d vlqjoh htxdwlrq prgho1 Iru
sxusrvhv ri frpsdulvrq/ zh hvwlpdwhg wzr vlqjh htxdwlrq prghov/ rqh zlwk
hplvvlrqv dqg wkh rwkhu zlwk hqhuj| frqvxpswlrq dv h{sodqdwru| yduldeohv1
Ghvslwh wkh kljk fruuhodwlrq ehwzhhq hplvvlrqv dqg hqhuj| frqvxpswlrq/ wkh
sdudphwhu hvwlpdwhv ri wkh wzr prghov duh txlwh gl￿huhqw/ dqg wkh uhvxowlqj
hvwlpdwhv ri txrwd sulfhv gl￿hu e| d idfwru ri 2￿￿1 Zh uhjdug wkh vlpxowd0
54qhrxv htxdwlrqv prgho dv wkhruhwlfdoo| pruh ghihqvleoh/ vlqfh lw wdnhv lqwr
dffrxqw wkh hqgrjhqhlw| ri hplvvlrqv1
Zh dvvxphg wkdw dq lqwhuqdwlrqdo djuhhphqw vxshuvhghv wkh phfkdqlvp
wkdw zrxog/ lq wkh devhqfh ri wkh djuhhphqw/ ghwhuplqh wkh hqgrjhqrxv vxs0
so| ri hqylurqphqwdo vhuylfhv +wkh ohyho ri hplvvlrqv,1 Zh xvhg rxu hvwlpdwhg
uhyhqxh ixqfwlrq wr vlpxodwh wkh htxloleulxp sulfh dqg h!flhqf| jdlqv ri
wudghdeoh shuplwv/ jlyhq d sduwlfxodu ohyho ri djjuhjdwh hplvvlrqv1 Rxu hv0
wlpdwhg fduerq sulfhv duh wzr ru wkuhh wlphv dv odujh dv suhylrxv hvwlpdwhv/
zlwkrxw dffrxqwlqj iru jurzwk lq ghpdqg +gxh wr jurzwk lq idfwruv ri surgxf0
wlrq,1 Zkhq zh gr dffrxqw iru wklv jurzwk/ wkh htxloleulxp sulfhv lqfuhdvh
e| d ixuwkhu :5(1
Wkh jdlq lq h!flhqf|/ dwwulexwdeoh wr wudgh lq hplvvlrqv/ lv ryhu f￿D(r i
JGS iru wkh Xqlwhg Vwdwhv/ dqg iru pdq| frxqwulhv lv pxfk kljkhu1 Fxuuhqw
sursrvdov dlp wr uhgxfh |hdu 5343 djjuhjdwh hplvvlrqv wr 4<<3 ohyhov1 Rxu
uhvxowv vxjjhvw wkdw dq dgglwlrqdo H( uhgxfwlrq lq djjuhjdwh hplvvlrqv frxog
eh dfklhyhg/ zlwkrxw lqfrph orvv/ e| dssursuldwh glvwulexwlrq ri hplvvlrqv
uljkwv1 Wklv glvwulexwlrq jlyhv wkh Xqlwhg Vwdwhv d odujhu vkduh wkdq lw*v
klvwrulf ohyho/ exw wkh XV h{sruwv vrph shuplwv/ ohdglqj wr vpdoohu XV hplv0
vlrqv1 Vlqfh zh ljqruh wudqvdfwlrqv frvwv dqg dgmxvwphqw frvwv/ zh lqwhusuhw
wkhvh phdvxuhv ri wkh jdlqv iurp wudgh dv sodxvleoh xsshu erxqgv/ udwkhu
wkdq xqeldvhg hvwlpdwhv1
55Uhihuhqfhv
^4‘ Dqwzhlohu/ D1/ E1U1 Frshodqg dqg P1 V1 Wd|oru/ ￿Lv Iuhh Wudgh Jrrg
iru wkh Hqylurqphqw/￿ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Eulwlvk
Froxpeld Glvfxvvlrq Sdshu <;044 +4<<;,1
^5‘ Erkp/ S1/ E1 Oduvhq/ ￿Idluqhvv lq d Wudgdeoh0Shuplw Wuhdw| iru Fdu0
erq Hplvvlrqv Uhgxfwlrqv lq Hxursh dqg wkh Iruphu Vrylhw Xqlrq/￿
Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv/ 7/ 4<<7/ 54< 0 56<1
^6‘ Frssrfn/ U1/ ￿Lpsohphqwlqj wkh N|rwr Surwrfro/￿ Lvvxhv lq Vflhqfh dqg
Whfkqrorj|/ Vsulqj 4<<;/ 99 0 :71
^7‘ Ghfdqlr/ V1/ ￿Wkh Hfrqrplfv ri Folpdwh Fkdqjh/￿ Uhgh￿qlqj Surjuhvv/
Vdq Iudqflvfr/ 4<<:1
^8‘ Jdugqhu/ W1 / I1 Mrxw}/ ￿Hfrqrplf Jurzwk/ Hqhuj| Sulfhv dqg Whfkqr0
orjlfdo Lqqrydwlrq/￿ Vrxwkhuq Hfrqrplf Mrxuqdo/ Y95/ q6 +Mdq/ 4<<9,/
986 0 9991
^9‘ Jurvvpdq/ J1 dqg D1 Nuxhjhu/ ￿Hfrqrplf Jurzwk dqg wkh Hqylurq0
phqw/￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv +Pd| 4<<8, 443= 6860 6::1
^:‘ Kdjhp/ F1 dqg K1 Zhvwnrj/ ￿Wkh Ghvljq ri G|qdplf Wudghdeoh Txrwd
V|vwhpv xqghu Pdunhw Lpshuihfwlrqv/￿ Mrxuqdo ri Hqylurqphqwdo Hfr0
qrplfv dqg Pdqdjhphqw +4<<;, 691
^;‘ Khwwljh/ K1/ U1H1 Oxfdv/ dqg G1 Zkhhohu/ ￿Wkh Wr{lf Lqwhqvlw| ri Lq0
gxvwuldo Surgxfwlrq= Joredo Sdwwhuqv/ Wuhqgv dqg Wudgh Srolf|/￿ DHD
Sdshuv dqg Surfhhglqjv +Pd| 4<<5, ;5= 7:;07;41
^<‘ Krho/ P1 dqg O1 Ndus ￿Wd{hv dqg Txrwdv iru d Vwrfn Srooxwdqw zlwk
Pxowlsolfdwlyh Xqfhuwdlqw|￿ Irqgd}lrqh Hql Hqulfr Pdwwhl Qrwd gl Od0
yrur 481<< +4<<<,1
^43‘ Krow}0Hdnlq/ G1/ W1P1 Vhoghq/ ￿Vwrnlqj wkh IluhvB FR5 Hplvvlrqv dqg
Hfrqrplf Jurzwk/￿ M1 Sxeolf Hfrqrplfv1 8:/ ;8 0 434 +4<<8,1
^44‘ Mxgjh/ J1/ U1F1 Kloo/ Z1 Jul!wkv/ K1 Oxwnhrko/ W1F1 Ohh/ Lqwurgxfwlrq
wr wkh Wkhru| dqg Sudfwlfh ri Hfrqrphwulfv1
^45‘ Nhuu/ V1/ ￿Hqylurqphqwdo Dlg/￿ Hqylurqphqw 6<+4,/ 4<<:/ 6071
56^46‘ Oduvhq/ E1/ D1 Vkdk/ ￿Joredo Wudgdeoh Fduerq Shuplwv/ Sduwlflsdwlrq
Lqfhqwlyhv/ dqg Wudqvihuv/￿ R{irug Hfrqrplf Sdshuv 79 +4<<7,/ ;74 0
;891
^47‘ Pdqnlz/ Q1/ ￿Wkh Jurzwk ri Qdwlrqv/￿ Eurrnlqjv Sdshuv rq Hfrqrplf
Dfwlylw|/ L +4<<8,/ 5:8 0 6591
^48‘ Pdqnlz/ Q1/ G1 Urphu dqg G1 Zhlo/ ￿D Frqwulexwlrq wr wkh Hpslulfv
ri Hfrqrplf Jurzwk/￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43: +4<<5,/ 73:
0 6:1
^49‘ Pdwvxr/ Q1/ ￿Nh| Hohphqwv Uhodwhg wr wkh Hplvvlrqv Wudglqj iru wkh
N|rwr Surwrfro/￿ Hqhuj| Srolf|/ Yro 59/ Qr1 6 596 0 5:61
^4:‘ Qrugkdxv/ Z1/ ￿Wkh Frvw ri Vorzlqj Folpdwh fkdqjh= d Vxuyh|/￿ Wkh
Hqhuj| Mrxuqdo 45+4,/ 4<<4/ 6: 0 971
^4;‘ Qrugkdxv/ Z1G1/ ￿Wr Vorz ru Qrw wr Vorz= Wkh Hfrqrplfv ri wkh Juhhq0
krxvh H￿hfw/￿ Wkh Hfrqrplf Mrxuqdo 434 +4<<4,/ <530 <6:1
^4<‘ Qrqqhpdq/ Z1/ S1 Ydqkrxgw/ ￿D Ixuwkhu Dxjphqwdwlrq ri wkh Vrorz
Prgho dqg wkh Hpslulfv ri Hfrqrplf Jurzwk iru RHFG Frxqwulhv/￿
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444 +4<<9,/ <76 0 861
^53‘ Suhvv Nlw/ Exhqrv Dluhv 4<<;/ Irxuwk Vhvvlrq ri wkh Frqihuhqfh
ri wkh Sduwlhv XQ Iudphzrun Frqyhqwlrq rq Folpdwh Fkdqjh1
kwws=222zzz1xqhs1fk2lxf2vxephqx2suhvv2folpdwh1
^54‘ Uhlg/ Z1/ M1 Jroghpehuj/ ￿Ghyhorslqj Frxqwulhv duh Frpedwlqj Fol0
pdwh Fkdqjh/￿ Hqhuj| Srolf|/ Yro 59/ Qr1 6/ 566056:1
^55‘ Urehuwv/ M1W1/ S1 Julphv ￿Fduerq Lqwhqvlw| dqg Hfrqrplf Ghyhorsphqw
4<950<4= D Eulhi H{sorudwlrq ri wkh Hqylurqphqwdo Nx}qhwv Fxuyh/￿
Zruog Ghyhorsphqw/ Yro158/ Qr1 5/ 4<4 0 4<;/ 4<<:1
^56‘ Vfkpdohqvhh/ U1/ S1 Mrvnrz/ D1G1 Hoohupdq/ M1S1 Prqwhur/ H1P1 Edloh|
￿Dq Lqwhulp Hydoxdwlrq ri Vxoixu Glr{lgh Hplvvlrqv Wudglqj/￿ Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ Yroxph 45/ Qxpehu 6/ Sdjhv 8609;1
^57‘ Vhoghq/ W1P1 dqg D1 Vrqj/ ￿Qhrfodvvlfdo Jurzwk/ wkh M0Fxuyh iru Dedwh0
phqw dqg wkh Lqyhuwhg X0Fxuyh iru Srooxwlrq/￿ Mrxuqdo ri Hqylurqphqwdo
Hfrqrplfv dqg Pdqdjhphqw +4<<8, 5<= 49:049;1
57^58‘ Vkd￿n/ Q1/ ￿Hfrqrplf Ghyhorsphqw dqg Hqylurqphqwdo Txdolw|= dq
Hfrqrphwulf Dqdo|vlv/￿ R{irug Hfrqrplf Sdshuv 79 +4<<7,/ :8: 0 ::61
^59‘ Vwdylqv/ U1/ ￿Zkdw Fdq Zh Ohduq iurp wkh Judqg Srolf| H{shulphqwB
Ohvvrqv iurp VR5 doorzdqfh Wudglqj/￿ Mrxuqdo ri Hfrqrplf Shuvshf0
wlyhv/ Yroxph 45/ Qxpehu 6/ Sdjh 9<0;;1
^5:‘ Vwhuq/ G1/ P1 Frpprq/ dqg H1 Eduelhu/ ￿Hfrqrplf Jurzwk dqg Hq0
ylurqphqwdo Ghjudgdwlrq= Wkh hqylurqphqwdo Nx}qhwv Fxuyh dqg Vxv0
wdlqdeoh Ghyhorsphqw/￿ Zruog Ghyhorsphqw/ Yro157/ Qr1:/ 4484 0 4493/
4<<91
^5;‘ Vzliw/ E1/ ￿D Orz0Frvw Zd| wr Frqwuro Folpdwh Fkdqjh/￿ Lvvxhv lq
Vflhqfh dqg Whfkqrorj|/ Vsulqj 4<<;/ :8 0 ;41
^5<‘ Zruog Ghyhorsphqw Lqglfdwruv 4<<; dqg 4<<: FG0URPv/ Wkh Zruog
Edqg1
58F
i
g
u
r
e
 
2
E
f
f
i
c
i
e
n
c
y
 
G
a
i
n
s
0
%
1
%
2
%
3
%
4
%
5
%
6
%
7
%
I
c
e
l
a
n
d
L
u
x
e
m
b
o
u
r
g
N
e
w
 
Z
e
a
l
a
n
d
I
r
e
l
a
n
d
P
o
r
t
u
g
a
l
G
r
e
e
c
e
N
o
r
w
a
y
T
u
r
k
e
y
F
i
n
l
a
n
d
D
e
n
m
a
r
k
A
u
s
t
r
i
a
B
e
l
g
i
u
m
S
w
e
d
e
n
S
w
i
t
z
e
r
l
a
n
d
A
u
s
t
r
a
l
i
a
N
e
t
h
e
r
l
a
n
d
s
S
p
a
i
n
C
a
n
a
d
a
U
n
i
t
e
d
 
K
i
n
g
d
o
m
I
t
a
l
y
F
r
a
n
c
e
G
e
r
m
a
n
y
J
a
p
a
n
U
n
i
t
e
d
 
S
t
a
t
e
s
G
a
i
n
s
E
f
f
c
i
e
n
c
y
 
G
a
i
n
s
Iljxuh 5=
59F
i
g
u
r
e
 
3
E
m
i
s
s
i
o
n
s
:
 
a
c
t
u
a
l
 
s
h
a
r
e
s
,
 
e
f
f
i
c
i
e
n
t
 
s
h
a
r
e
s
 
a
n
d
 
o
p
t
i
m
a
l
 
q
u
o
t
a
 
a
l
l
o
c
a
t
i
o
n
s
-
1
%
9
%
1
9
%
2
9
%
3
9
%
4
9
%
I
c
e
l
a
n
d
L
u
x
e
m
b
o
u
r
g
N
e
w
 
Z
e
a
l
a
n
d
I
r
e
l
a
n
d
P
o
r
t
u
g
a
l
G
r
e
e
c
e
N
o
r
w
a
y
T
u
r
k
e
y
F
i
n
l
a
n
d
D
e
n
m
a
r
k
A
u
s
t
r
i
a
B
e
l
g
i
u
m
S
w
e
d
e
n
S
w
i
t
z
e
r
l
a
n
d
A
u
s
t
r
a
l
i
a
N
e
t
h
e
r
l
a
n
d
s
S
p
a
i
n
C
a
n
a
d
a
U
n
i
t
e
d
 
K
i
n
g
d
o
m
I
t
a
l
y
F
r
a
n
c
e
G
e
r
m
a
n
y
J
a
p
a
n
U
n
i
t
e
d
 
S
t
a
t
e
s
 
s
h
a
r
e
s
A
c
t
u
a
l
 
1
9
9
0
 
s
h
a
r
e
s
S
h
a
r
e
s
 
u
n
d
e
r
 
a
g
g
r
e
g
a
t
e
 
e
m
i
s
s
i
o
n
s
 
m
i
n
i
m
i
z
e
d
 
 
(
S
i
m
u
l
a
t
i
o
n
 
2
)
S
h
a
r
e
s
 
u
n
d
e
r
 
a
g
g
r
e
g
a
t
e
 
e
m
i
s
s
i
o
n
s
 
f
i
x
e
d
 
(
S
i
m
u
l
a
t
i
o
n
 
1
)
Iljxuh 6=
5:F
i
g
u
r
e
 
4
E
m
i
s
s
i
o
n
 
R
e
d
u
c
t
i
o
n
0
5
0
0
,
0
0
0
1
,
0
0
0
,
0
0
0
1
,
5
0
0
,
0
0
0
2
,
0
0
0
,
0
0
0
2
,
5
0
0
,
0
0
0
3
,
0
0
0
,
0
0
0
3
,
5
0
0
,
0
0
0
4
,
0
0
0
,
0
0
0
4
,
5
0
0
,
0
0
0
5
,
0
0
0
,
0
0
0
I
c
e
l
a
n
d
L
u
x
e
m
b
o
u
r
g
N
e
w
 
Z
e
a
l
a
n
d
I
r
e
l
a
n
d
P
o
r
t
u
g
a
l
G
r
e
e
c
e
N
o
r
w
a
y
T
u
r
k
e
y
F
i
n
l
a
n
d
D
e
n
m
a
r
k
A
u
s
t
r
i
a
B
e
l
g
i
u
m
S
w
e
d
e
n
S
w
i
t
z
e
r
l
a
n
d
A
u
s
t
r
a
l
i
a
N
e
t
h
e
r
l
a
n
d
s
S
p
a
i
n
C
a
n
a
d
a
U
n
i
t
e
d
 
K
i
n
g
d
o
m
I
t
a
l
y
F
r
a
n
c
e
G
e
r
m
a
n
y
J
a
p
a
n
U
n
i
t
e
d
 
S
t
a
t
e
s
E
m
i
s
s
i
o
n
s
 
(
k
t
)
1
9
9
0
 
e
m
i
s
s
i
o
n
s
E
f
f
i
c
i
e
n
t
 
e
m
i
s
s
i
o
n
s
 
u
n
d
e
r
 
a
g
g
r
e
g
a
t
e
 
e
m
i
s
s
i
o
n
s
 
m
i
n
i
m
i
z
e
d
Iljxuh 7=
5;